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A new species of gull (Laridae: Larus) from an archaeological site on
Huahine, Society Islands

David W. Steadman

Florida Museum of Natural History, University of Florida, P.O. Box 117800,

Gainesville, Florida 32611, U.S.A., e-mail steadman@flmnh.ufl.edu

Abstract.—Larus utunui is described from 12 bones (10 different skeletal

elements from two individuals) excavated at the Fa'ahia archeological site Hu-

ahine, Society Islands. Resident species of Larus no longer occur in Polynesia,

the nearest populations being those of L. novaehollandiae in New Caledonia

(4200 km W of Huahine) and of L. novaehollandiae, L. bulleri, and L. dom-

inicanus in New Zealand (3800 km SW of Huahine). Osteological similarities,

especially in post-cranial elements, suggest that L. novaehollandiae may be the

nearest living relative of L. utunui.

Although most species of gulls (Char-

adriiformes: Laridae: Larinae) live along

coastlines and occasionally wander far out

to sea, they tend to be continental in their

choice of nesting sites (Haney & Lee 1994).

For example, no species of gulls breed to-

day in tropical Polynesia, where most re-

cords even of non-breeding gulls are from

the Hawaiian Islands (19-28°N) rather than

from the many island groups between the

equator and 27°S (Bryan 1964, Pratt et al.

1987:170-177; see Fig. 1 herein). Gulls do

not breed on oceanic islands in the Pacific

except in New Zealand (temperate). New
Caledonia (Melanesia), and the Galapagos

Islands (Neotropical, relatively near South

America). Speculative reasons for the gen-

eral absence of resident gulls in Oceania are

inadequate food supplies and their relative-

ly inefficient salt glands (Frings 1965a,

1965b), although neither of these ideas has

been tested with experiments or detailed

observations.

Thus it was a surprise to find 12 gull

bones among the 300+ bird bones from the

Fa'ahia archaeological site on Huahine, So-

ciety Islands (Fig. 1). The cultural context,

stratigraphy, and chronology of the Fa'ahia

site have been described by Sinoto and Mc-
Coy (1975), Bellwood (1979), Emory

(1979), Sinoto (1979, 1983), Pigeot (1985,

1986), and Kirch (1986). The radiocarbon

age of the site ranges from ca. 1250 to 750

years before present. The cultural deposits

at Fa'ahia lie below the modern water table

at the edge of a coastal lagoon, resulting in

exceptionally fine preservation of organic

materials such as wood and bone.

The bird bones from Fa'ahia were re-

ported briefly by Steadman (1989a, 1995,

1997) and in detail by Steadman & Pahl-

avan (1992). These bones represent 15 spe-

cies of seabirds (petrels, shearwaters, trop-

icbirds, boobies, frigatebirds, gulls, and

terns), three species of migratory shore-

birds, and 15 species of landbirds (herons,

rails, pigeons, parrots, kingfishers, and pas-

serines). Twelve of the 15 species of sea-

birds no longer reside on Huahine, although

the gull to be described is the only species-

level extinction. Among the 15 species of

landbirds, six are extinct species and six

others are extant but no longer occur on

Huahine. The extinct species already de-

scribed from Huahine are two columbids

{Gallicolumba nui, Macropygia arevare-

vauupa; Steadman 1992), two parrots (Vini

vidivici, V. sinotoi; Steadman & Zarriello

1987), and a starling (Aplonis diluvialis;

Steadman 1989b). The loss of birdlife on
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Fig. L The Society Islands, showing the location of the Fa'ahia archaeological site on Huahine.

Huahine, as elsewhere in Oceania, was and

continues to be due to predation from non-

native vertebrates and humans, habitat loss,

and disease (Diamond 1985, Steadman
1995).

Materials and Methods

I examined one or more skeletons of each

species of Larinae in the National Museum
of Natural History, Smithsonian Institution

(USNM), as follows: Gabianus scoresbii,

Pagophila ebumea, Rhodostethia rosea,

Larus {Xenui/Crealms) furcalus, L. (X.) sa-

biiii, Rissci triclactyla. Lcirns fuliginosus, L.

heermaniii, L. hemprichii, L. crassirostris,

L. audouinii, L. dclawarensis, L. c(ini<\. L.

californicus, L. thayeri, L. glaucoides, L.

fuscus, L. schistasagus, L. marinus, L. glau-

cescens, L. dominicanus, L. atricilla, L. leii-

cophthalmus, L. cirrocephaliis, L. pipixcan,

L. ichthyaetiis, L. novaehollandiae, L. har-

tlaubi, L. mekmocephaliis, L. bulleri, L.

maculipennis, L. ridibiindus, L. brunneice-

phaliis, L. genei, and L. minutus. These
specimens were supplemented by skeletons

of Larus delawareiisis. L. argeiitatus, L. oc-

cidentalis. L. hyperboreus, L. Philadelphia,

L. atricilla, L. novaehollandiae. and L. ri-

dibiindus from the British Museum (Natural

History) (BMNH). New York State Muse-
um (NYSM), and Florida Museum of Nat-

ural History (UF). The archaeological spec-

imens are from collections of the Departe-
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ment Axcheologie, Centre Polynesien des

Sciences Humaines, Tahiti (DAPT) and the

Vertebrate Zoology Department, Bemice P.

Bishop Museum (BPBM). Much of the os-

teological terminology follows Baumel et

al. (1993). Measurements were taken with

digital calipers with 0.01 mm increments,

rounded to the nearest 0.1 mm.

Results

The prehistoric bones are referred to the

Larinae rather than the Sterninae or Ster-

corariinae because of these characters: cra-

nium—wide interorbital region, salt gland

depression wide and shallow, well devel-

oped OS mesethmoidale; rostrum—ventral

surface of os premaxillare more decurved,

OS premaxillare wide; sternum—carina ster-

ni deep, spina externa wide, incisura inter-

costalis deep; coracoid—sternal margin of

facies articularis clavicularis less straight;

humerus—fossa musculo brachialis deep,

condylus dorsalis large; femur—crista tibi-

ofibularis large, condylus medialis deep; ti-

biotarsus—long overall, crista cnemialis la-

teralis more pointed, facies articularis later-

alis protrudes more distinctly from shaft,

distal margin of incisura intercondylaris

shallow, condylus medialis shallow.

The bones are referred to the genus Larus

rather than to other genera of Larinae {Ga-

bianus, Pagophila, Rhodostethia, Xema [in-

cluding Creagrus], Rissa; see Materials and

Methods) because of the combination of

shared characters outlined in Table 1. I

should note that most of these genera are

variously subsumed within Larus by certain

authors.

Larus utunui, new species

Holotype.—Complete cranium and asso-

ciated rostrum, DAPT 1 (Figs. 2, 3).

Fa'ahia archaeological site, Huahine, Soci-

ety Islands. Square Q42, Layer V, field no.

AL356.

Diagnosis.—A medium-sized species of

Larus in the species group of L. novaehol-

landiae, L. atricilla, L. cirrocephalus, L.

o
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Fig. 2. The skull of Lams in dorsal (left) and ventral (right) aspects. A, L. iitunui, DAPT 1, Huahine, Society

Islands, French Polynesia; B, L. novaehollandiae 6, USNM 347670, Northern Territory, Australia; C, L. cir-

rocephalus S , USNM 227346, Buenos Aires, Argentina; D, L. atricilla 9, NYSM 44. Florida; E, L. maculipennis

6, USNM 343100, Llico, Chile; F L. ridibwulus S, USNM 556297, Leiden, Holland.

maculipennis, and L. ridibundus, differing

from these species in the following unique

combination of characters (see Tables 2—9):

OS premaxillare very long; medial bar of os

nasale stout; interorbital region wide; os

prefrontale bulbous; foramen pneumaticum

of sternum non-pneumatic; ventral side of

facies articularis clavicularis of coracoid

nearly circular in medial aspect; large tu-

bercle on medial margin of shaft of cora-

coid present; furcula stout; crista pectoralis

of humerus rounded in dorsal aspect; di-

agonal orientation of crista pectoralis with

cranial surface of humeral shaft; crista ti-

biofibulare of femur rounded in lateral as-

pect; condylus medialis and condylus later-

alis of tibiotarsus laige.

Paratypes.—All from the Fa'ahia archae-

ological site, Huahine, Society Islands.

Quadrate, DAPT 106; mandible, BPBM
166046; 3rd thoracic vertebra. DAPT 107;

sternum, DAPT 3 (Fig. 4); furcula, DAPT
42; coracoid, DAPT 23 (Fig. 5); three hu-

meri, DAPT 2, 31, 40 (Fig. 6); femur.
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Fig. 3. The skull of Larus in lateral aspect. A, L. utumii, DAPT 1, Huahine, Society Islands, French Poly-

nesia; B, L. novaehollandiae <J, USNM 347670, Northern Territory, Australia; C, L. cirrocephaliis i, USNM
227346, Buenos Aires, Argentina; D, L. atricilla 2, NYSM 44, Florida; E, L. maculipennis 6, USNM 343100,

Llico, Chile; F L. ridibundits 6, USNM 556297, Leiden, Holland.
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Fig. 4. The sternum of Larus in ventral (left) and oblique lateral (right) aspects. A, L. utimui, DAPT 3,

Huahine, Society Islands, French Polynesia; B, L. novaehollandiae S , USNM 347670, Northern Territory, Aus-

tralia; C, L. cirrocephalus 6, USNM 227346, Buenos Aires, Argentina; D, L. atricilla 9, NYSM 44, Florida;

E, L. maculipermis i, USNM 343100, Llico, Chile; E L. ridibimdus cj, USNM 556297, Leiden, Holland.
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Table 3.—Measurements (in mm) of the skull of selected species of Larus, with mean, range, and sample

size. U = sex unknown.

Total length

Minimum length

of rostrum
Minimum width

of braincase

Minimum width
of frontals

Width of
OS nasale

L. utunui 87.3 49.9 22.2 9.4 4.1

Huahine (DAPT 1)

L. novaehollandiae

1

82.7

1

42.6

1

22.5

1

7.9

1

2.9

Australia, New Zealand, 77.7-86.3 39.4-45.0 21.8-23.1 6.9-8.9 2.5-3.2

captive (7 cJ, 3 5, lU)

L. atricilla

11

84.4

11

45.6

11

22.6

11

7.4

11

3.0

Virginia, North Carolina, 91.9-89.6 43.1-^8.7 22.1-23.3 6.5-8.5 2.9-3.2

Florida (4 cJ, 5 ?)

L. cirrocephalus

9

92.3

9

49.3

9

22.8

9

9.0

9

3.4

Argentina {\ 6)

L. cirrocephalus

Bechuanaland (1 9, 1 U)

1

80.9

79.4-82.4

1

43.2

42.5^4.0

1

21.7

21.6-21.8

1

7.2

6.7-7.6

1

3.1

3.1

2 2 2 2 2

L. maculipennis 84.0 44.5 21.9 7.3 2.8

Uruguay, Argentina, Chile 79.3-89.1 41.7^7.6 21.2-22.2 6.0-8.0 2.5-3.1

(2 cJ, 1 9, 2 U)

L. ridibundus

5

77.0

5

39.9

5

21.5

5

6.6

5

2.4

Holland (4 cJ, 4 9) 73.0-81.3 37.6^2.4 20.6-22.4 5.9-7.3 2.2-2.8

8 8 8 8 8

Table 4.—Measurements (in mm) of the sternum of selected species of Larus, with mean, range, and sample

size. U = sex unknown.

Tolal length

L. utunui 51.3

Huahine (DAPT3) 1

L. novaehollandiae 54.3

Australia, New Zealand, captive 53.1-56.8

(7 (J, 3 9, 2 U) 12

L. atricilla 53.2

Virginia, North Carolina, Flori- 51.1-55.3

da (4 (?, 5 9) 9

L. cirrocephalus 61.1

Argentina (1 6, 1 9) 59.9-62.3

2

52.8L. cirrocephalus

Bechuanaland (1 9 , 1 U) 52.6-53.0

2

54,7L. maculipennis

Uruguay, Argentina, Chilie (2 6. 51.9-57.5

1 9, 1 U) 4

L. ridibundus 53.3

Holland (4 d, 4 9) 50.9-55.8

8

Maximum width Minimum width

27.1 21.5

1

23.429.9

28.5-32.3 21.6-25.3

12 12

30.2 24.2

28.9-32.2 23.2-25.2

9 9

33.3 26.8

32.9-33.7 26.7-26.9

2 2

30.0 24.1

29.8-30.2 24.1

2 2

29.4 24.0

27.2-31.3 22.6-25.7

4 4

26.5 22.68

25.9-27.5 21.6-23.3
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Table 5.—Measurements (in mm) of the coracoid of selected species of Larus, with mean, range, and sample

size. U = sex unknown.

Total length

Minimum
widtln of shaft

Length of facies

articularis

humeralis
Width of

sternal end

L. utunui Huahine (DAFT 23) 30.5 3.2 6.4 10.6

1 1 1 1

L. novaehollandiae 32.3 3.2 6.8 10.8

Australia, New Zealand, cap- 31.0-33.2 3.0-3.4 6.3-7.1 10.3-11.4

live (7 d, 3 2, 1 U) 11 11 11 10

L. atricilla 33.0 3.3 6.6 10.8

Virginia, North Carolina, Flor- 32.0-34.7 3.0-3.7 6.4-7.3 10.2-11.5

ida (4 (J, 5 2) 9 9 9 9

L. cirrocephalus 34.0 3.8 7.0 12.3

Argentina (1 d, 1 2) 33.0-35.1 3.7-3.8 6.3-7.8 12.3

2 2 2 2

L. cirrocephalus 30.5 3.4 6.8 10.8

Bechuanaland (1 2, 1 U) 30.2-30.8 3.2-3.5 6.6-6.9 10.7-11.0

2 2 2 2

L. maculipennis 31.6 3.2 6.2 10.5

Uruguay, Argentina, Chile (1 29.0-33.4 3.1-3.3 5.7-6.3 9.8-10.9

r> 1 T T^ 4

28.2

4

3.2

4

6.0

4

9.9L. ridibundus

Holland (4 cj, 4 2) 26.6-30.2 2.8-3.5 5.7-6.5 9.2-10.5

8 8 8 8

Table 6.—Measurements (in mm) of the humerus of selected species of Larus, with mean range, and sample

size. U = sex unknown.

Total Proximal Width of Depth of Distal

length width midshaft midshaft width

L. utunui 79.2 14.6 4.8 4.0 11.0

Huahine (DAPT 2, 31, 40) 1 14.5-14.6

2

14.4

1 1 1

L. novaehollandiae 82.3 4.6 3.7 11.0

Australia, New Zealand, 79.1-85.6 13.8-15.2 4.3-5.0 3.5-3.9 10.5-11.6

captive (7 cJ, 3 9, 1 U) 11 11 11 11 11

L. atricilla 88.3 14.7 4.6 3.8 11.2

Virginia, North Carolina, 85.5-92.4 14.2-15.3 4.4-^.9 3.7-4.0 10.7-11.5

Florida (4 cJ, 5 9) 9 9 9 9 9

L. cirrocephalus 92.0 16.4 5.1 4.4 12.3

Argentina (1 cJ, 1 2) 1 16.1-16.7

2

14.4

1 1 1

L. cirrocephalus 83.4 4.7 3.8 11.2

Bechuanaland (1 2, 1 U) 82.7-84.2 14.2-14.5 4.6-4.8 3.8-3.9 11.0-11.3

2 2 2 2 2

L. maculipennis 81.1 14.4 4.6 3.7 10.9

Uruguay, Argentina, Chile 77.2-84.0 13.5-15.3 4.2-4.8 3.4-3.8 10.3-11.4

(2 cJ, 1 2, 2 U) 4 4 4 4 4

L. ridibundus 76.6 13.4 4.4 3.7 104
Holland (4 d, 4 2) 72.9-80.0 12.7-14.4 4.1-5.0 3.4-4.3 9.9-11.0

8 8 8 8 8
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Table 7.—Measurements (in mm) of the femur of selected species of Larus, with mean, range, and sample

size. U = sex unknown.

Total

length

Depth
of head

Width of
midshaft

Depth of
midshaft

Distal

width

L. utunui 40.4 3.98 3.2 3.2 8.2

Huahine (DAPT 28)

L. novaehollandiae

1

40.9

1

3.6

1

3.2

1

3.2

1

8.1

Australia, New Zealand, 39.1^2.5 3.4-3.8 3.0-3.5 3.1-3.4 7.7-8.6

captive (7 d, 3 9, 1 U)

L. atricilla

11

38.8

11

3.4

11

3.0

11

3.2

11

7.1

Virginia, North Carolina, 37.7-^0.6 3.1-3.6 2.9-3.2 3.0-3.3 6.8-7.6

Florida (4 d, 5 ?)

L. cirrocephalus

Argentina (1 cJ, 1 ?)

9

41.4

39.7^3.2

9

3.9

3.8-4.0

9

3.6

3.5-3.6

9

3.5

3.5

9

8.4

8.1-8.6

2 2 2 2 2

L. cirrocephalus

Bechuanaland (1 9, 1 U)

39.6

39.3-39.9

2

3.6

3.6-3.7

2

3.2

3.2

2

3.0

3.0

2

7.6

7.5-7.8

2

L. macuUpennis

Uruguay, Argentina, Chile

38.8

37.6^0.8

3.4

3.3-3.5

3.0

2.8-3.3

3.1

3.0-3.1

7.4

7.2-7.8

(2 (J, 1 9, 1 U)

L. ridibundus

4

35.4

4

3.2

4

2.9

4

2.9

4

6.8

Holland (4 cJ, 4 9) 34.0-38.0

8

3.0-3.4

8

2.6-3.2

8

2.7-3.2

8

6.5-7.2

8

Table

size. U =

.—Measurements (in mm) of the tibiotarsus of selected species of Larus, with mean, range, and sample

sex unknown.

Total length

Proximal
width

Length of
crista fibularis

Width of
midshaft

Depth of
midshaft Distal width

L. utunui 79.5 7.0 11.3 3.5 3.3 7.1

Huahine (DAPT 30)

L. novaehollandiae

1

83.0

1

6.6

1

10.7

1

3.4

1

3.4

1

6.8

Australia, New Zealand, 79.5-87.0 6.1-7.3 8.9-13.2 3.1-3.8 3.2-3.7 6.3-7.3

captive (7 cJ, 3 9, 1 U)

L. atricilla

11

11.6

11

5.5

11

9.3

11

2.7

11

2.9

11

6.2

Virginia, North Carolina, 75.6-80.6 5.2-6.1 7.6-11.3 2.5-3.0 2.8-3.0 5.6-6.5

Florida (4 <J, 5 9)

L. cirrocephalus

9

87.7

9

6.9

9

9.7

9

3.6

9

3.2

9

7.0

Argentina (1 (J) 1 1 1 1 1 1

L. cirrocephalus

Bechuanaland (1 9, 1 U)

80.0

79.5-80.6

2

6.3

6.0-6.6

2

9.2

8.9-9.5

2

3.3

3.2-3.4

2

3.0

3.0-3.

2

6.4

6.4-6.5

2

L. macuUpennis 80.2 6.0 9.4 3.2 3.0 6.4

Uruguay, Argentina, Chile 77.6-82.0 5.6-6.2 8.6-10.1 2.9-3.5 2.5-3.2 6.0-6.7

(2 (J, 1 9, 1 U)

L. ridibundus

4 4

5.4

4

8.2

4

3.0

4

2.9

4

5.8

Holland (4 cJ, 4 9) 73.6 5.0-5.7 6.8-9.5 2.6-3.4 2.6-3.2 5.5-6.28

7 1 .6-76.7 8 8 8 8 8
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Table 9.—Overall skeletal proportions of selected species of Larus, based on measurements in Tables 3-8.

A, length of skull. B, length of rostrum. C, length of sternum. D, length of coracoid. E, length of humerus. F,

length of femur. G, length of tibiotarsus.

B/A (A-B)/C C/F D/F E/F F/G

L. utunui 0.572 0.729 1.27 0.755 1.96 0.508

1 1 1 1 1 1

L. novaehollandiae 0.515 0.739 1.33 0.789 2.01 0.493

0.504-0.524 0.712-0.765 1.29-1.38 0.765-0.808 1.96-2.07 0.474-0.508

11 11 11 11 11 11

L. atricilla 0.540 0.734 1.37 0.851 2.28 0.501

0.521-0.548 0.701-0.764 1.32-1.41 0.823-0.872 2.22-2.32 0.492-0.509

9 9 9 9 9 9

L. cirrocephalus 0.534 0.705 1.40 0.796 2.11 0.494

0.534-0.535 0.690-0.724 1.33-1.51 0.757-0.831 2.07-2.14 0.488-0.502

3 3 4 4 3 3

L. maculipennis 0.530 0.728 1.40 0.814 2.09 0.484

0.526-0.534 0.722-0.734 1.38-1.45 0.771-0.850 2.05-2.12 0.470-0.498

5 4 4 4 4 4

L. ridibundus 0.518 0.692 1.51 0.798 2.16 0.480

0.514-.526 0.644-0.726 1.41-1.62 0.764-0.837 2.09-2.23 0.465-0.495

8 8 8 8 8 8

Fig. 5. The coracoid of Larus in ventral (above) and dorsal (below) aspects. A, L. utunui, DAPT 23, Huahine,

Society Islands, French Polynesia; B, L. novaehollandiae 3 , USNM 347670, Northern Territory, Australia; C,

L. cirrocephalus <J, USNM 227346, Buenos Aires, Argentina; D, L. atricilla ?, NYSM 44, Florida; E, L.

maculipennis 6, USNM 343100, Llico, Chile; E L. ridibundus S, USNM 556297, Leiden, Holland.
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Fig. 6. The humerus of Lams in anconal (above) and pahnar (below) aspects. A, L. iiriiniii. DAPT 2,

Huahine, Society Islands, French Polynesia; B, L. navaehallandiae 6 . USNM 347670, Northern Tenitory. Aus-

tralia; C, L. cirrocephuhis d, USNM 227346, Buenos Aires, Argentina; D, L. atricilUi 9, NYSM 44. Florida;

E, L. maculipemiis 6, USNM 343100, Llico, Chile; F L. ndilmiuliix d, USNM 556297, Leiden, Holland.
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Fig. 7. The femur of Larus in anterior (above) and posterior (below) aspects. A, L. utunui, DAPT 28,

Huahine, Society Islands, French Polynesia; B, L. novaehollandiae S , USNM 347670, Northern Territory, Aus-

tralia; C, L. cirrocephalus S , USNM 227346, Buenos Aires, Argentina; D, L. atricilla 9 , NYSM 44, Florida;

E, L. maculipennis 6, USNM 343100, Llico, Chile; F, L. ridibundus S, USNM 556297, Leiden, Holland.

DAPT 28 (Fig. 7); tibiotarsus, DAPT 30

(Fig. 8).

Etymology.—From the Tahitian words

utu ("bill of bird") and nui ("Icirge") (An-

drews & Andrews 1944:96, 189), referring

to the disproportionately large bill of the

new species. The name utunui is used as a

noun in apposition.

Discussion

Distribution.—The 12 bones of Larus

utunui make it the sixth most common of

33 indigenous species of birds at the

Fa'ahia site (Steadman & Pahlavan 1992).

The distal end of a humerus (DAPT 40) of

L. utunui is from a juvenile bird that prob-

ably was volant but less than six months old

and thus unlikely to have dispersed far from

its place of hatching. This juvenile speci-

men and the relatively high number of adult

specimens together argue that L. utunui was

a breeding resident rather than migrant spe-

cies on Huahine. The 1 1 adult bones are

quite possibly from a single individual,

whose interorbital salt gland depressions

differ in no obvious way from those of con-

tinental gulls.

No other bones of gulls have been dis-

covered in prehistoric deposits from the

southern hemisphere portion of tropical

Polynesia, including the more than 13,000

identifiable bird bones from archaeological

sites in the Marquesas. In the Hawaiian Is-

lands (northern hemisphere), a gull also oc-

curs in mid-Holocene deposits, apparently

an unnamed endemic species of Larus (Ol-

son & James 1982, Burney et al. 2001).

Gulls are very rare vagrants today in trop-
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Fig. 8. The tibiotarsus of Lams in anterior (above) and posterior (below) aspects. A. L. iinmui. DAPT 30,

Huahine, Society Islands, French Polynesia; B, L. novaehollaiuliae 6 , USNM 347670. Northern Tenitory, Aus-

tralia; C, L. cirrocephahis 6, USNM 227346, Buenos Aires. Argentina; D. L. atricilla ?. NYSM 44. Florida;

E, L. maciilipeiwis 6, USNM 343100. Llico. Chile; F L ridilmiuhis 6. USNM 556297. Leiden. Holland.
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ical Polynesia outside of Hawaii; all records

(summarized in King 1959, Sibley &
MacFarlane 1968, duPont 1976, Muse at al.

1980, Pratt et al. 1987) consist only of spe-

cies that breed in the continental northern

hemisphere. The rarity of gulls in the fossil

record of Oceania might be due in part,

however, to some taphonomic phenomena
because gulls (as well as many other coastal

or shoreline species) are fairly rare even in

the continental fossil record (Emslie 1995).

Larus novaehollandiae probably is the

closest living relative of the extinct L. utun-

ui. This is reasonable biogeographically.

Five subspecies of L. novaehollandiae were

recognized by Peters (1934:322-323), al-

though his L. n. hartlaubi of southern Af-

rica now is generally regarded as a full spe-

cies. Larus n. novaehollandiae is a wide-

spread habitat generalist in Australia

(Schodde & Tideman 1986:232), whereas

L. n. gunni breeds on Tasmania. The two

other subspecies of L. novaehollandiae in-

habit Oceania. One is L. n. forsteri of New
Caledonia (where it is common; Hannecart

& Letocart 1980:129) and northern Austra-

lia. That this form is not endemic to New
Caledonia suggests either that it is a rather

recent arrival there or that gene flow con-

tinues between birds on New Caledonia and

Australia. The last subspecies is L. n. sco-

pulinus of New Zealand and adjacent is-

lands (Chathams, Snares, Auckland, Camp-
bell).

Other evidence of gulls in the Society Is-

lands.—A species of gull may have lived

in the Society Islands in the 19"^ century. I

will summarize this confusing and frustrat-

ing story as briefly as possible. Gavia po-

marre was described by Bruch (1853) from

a specimen supposedly taken in the "Ge-

sellschafts-Inslen" (= Society Islands).

Bruch recognized Gavia as one of 12 gen-

era within his expanded genus Larus. Bruch

(1855) named another specimen of gull as

Gavia pomare, the only difference in spe-

cific epithet being the presence of one "r"

rather than two. Bonaparte (1857:228-229)

listed G. pomarre as Bruchigavia {Larus)

pomare and as being from Tahiti. Larus

{Bruchigavia) pomare was listed by Gray

(1859:57) as being from Tahiti and the Mar-

quesas Islands.

The holotypes of both Larus pomarre

and L. pomare were examined in the Na-

turhistorisches Museum Mainz by Saunders

(1878:185-187, 1896:235, 237), who illus-

trated the three outer primaries of each

specimen. Saunders regarded L. pomarre as

a juvenile specimen of L. novaehollandiae,

whereas he regarded L. pomare to represent

L. bulleri, which is endemic to New Zea-

land. This treatment was followed as well

by Dwight (1925:91, 279, 293, 295).

The entire Bruch Collection at the Na-

turhistorisches Museum Mainz was de-

stroyed during World War II along with all

associated labels and other information (U.

Schmidt in litt. to S. L. Olson, 7 March
1990). Thus the only way to evaluate the

identity of L. pomarre and L. pomare is

from written descriptions and illustrations

of the 19* century. The bill of L. pomarre

(holotype illustrated by Bruch 1853: plate

II) is much smaller than that of L. utunui.

The drawing of the holotype of L. pomare
Bruch (1855: plate IV) shows a slightly

larger and differently patterned bill than in

L. pomarre, although this bill nevertheless

is also much too small for the specimen to

represent L. utunui.

Holyoak & Thibault (1984:80) and Pratt

et al. (1987:325) regarded the records of

Larus novaehollandiae from the Society Is-

lands (based on L. pomarre) to be errone-

ous. Other than the literature just summa-
rized, the historic evidence of Larus in the

Society Islands is based on the accounts of

two explorers. First is the mention of

"gulls" on Tahiti in 1797 by Smith (1813:

82). Because Smith also mentioned "nod-

dies" {Anous spp.) but not terns, his

"gulls" may refer to terns {Sterna spp. or

Gygis Candida). On the other hand, Bennett

(1840:161) mentioned "gulls" as well as

"terns or noddies" as being seen on

Ra'iatea in 1834.

To conclude, the possible occurrence of
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a gull in the Society Islands in the 19* cen-

tury is based on evidence that cannot be

corroborated by a specimen today. If such

a gull existed, its smaller bill (as depicted

at the time of its description) would pre-

clude it from being the newly described La-

rus utunui of Huahine.
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Geographic variation in the Asian big-headed turtle, Platysternon

megacephalum (ReptiUa: Testudines: Platysternidae)

Carl H. Ernst and Arndt F. Laemmerzahl

Department of Biology, George Mason University,

Fairfax, Virginia 22030-4444, U.S.A.

Abstract.-C\irv&ni\y, five subspecies of Platysternon megacephalum Gray,

1831 are recognized: megacephalum Gray, 1831, peguense Gray, 1870, vogeli

Wermuth, 1969, tristernalis Schleich & Gruber, 1984, and shiui Ernst &
McCord, 1987. Because two of the subspecies, vogeli and tristernalis, have

geographic ranges within or overlapping others, a study was undertaken to

examine their validity. A total of 136 specimens of P. megacephalum from

throughout the species range was examined and analyzed using discriminant

function analysis of morphometric data. Because discriminant function analysis

is unable to separate vogeli with certainty and because its range overlaps that

of the earlier described peguense, we place vogeli in the synonomy of pe-

guense. Even though discrimininant function analysis reliably distinguishes

tristernalis; its main characteristic (anomalous extra scales at the junction of

the gular and humeral plastral scutes) occurs commonly in the other subspecies

as well and does not define tristernalis unambiguously. Additionally, the dis-

tribution of tristernalis lies within that of the nominate taxon megacephalum.

The type specimens have peculiar shell morphology, likely the result of years

in captivity. We recommend tristernalis as a junior synonym of megacephalum.

The big-headed turtle, Platysternon me-

gacephalum Gray 1831, is the sole living

species of its clade Platysternidae. Its clos-

est living relatives are members of the snap-

ping turtle family, Chelydridae (Gaffney &
Meylan 1988, Shaffer et al. 1997; but see

Whetstone 1978, Haiduk & Bickham 1982,

and Bickham & Carr 1983 for contrasting

views). The species ranges from southern

China (Fujian, Guangdong, Jiangxi, Yun-

nan, Hunan Island, and Hong Kong) south-

westward through northern Vietnam, Laos,

Kampuchea, and northern Thailand to

southern Myanmar (Ernst & Barbour 1989,

Iverson 1992). Within this range five sub-

species are recognized: Platysternon me-

gacephulum megacephalum Gray, 1831, in

southern China; P. m. peguense Gray, 1 870,

from western Vietnam west to southern

Burma; P. m. vogeli Wermuth, 1969, in

northwestern Thailand; P. m. tristernalis

Schleich & Gruber, 1984, from Yunnan,

China; and P. m. shiui Ernst & McCord,
1987, in northern Vietnam and Yunnan,

China.

Platysternon m. vogeli was described

from two specimens whose type locality

lies within the range of P. m. peguense.

Likewise, P. m. tristernalis was designated

from specimens collected within the range

of P. m. megacephalum. The chief charac-

ters to differentiate P. m. vogeli were a

short, less hooked upper jaw, a smooth pos-

terior carapace rim, and a broad, faded plas-

tron pattern. In P. in. tristernalis, three

small supernumerary scales at the gular-hu-

meral seam were its major characteristic,

though these are subject to much variation

within this species and other turtles. A sys-

tematic review of P. megacephalum was
undertaken to determine the extent of geo-

graphic variation within the species, and the
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validity of vogeli and tristernalis. The re-

sults of this study are presented here.

Methods

One hundred thirty-six Platysternon (in-

cluding type specimens) from throughout

the geographic range were examined (Ap-

pendix 1). Data were analyzed separately

by sex to avoid bias created by sexual di-

morphism. Sexes were determined by the

concave plastron and the anal vent situated

beyond the posterior carapacial rim in adult

males (Ernst & Barbour 1989).

Straight-line measurements of each spec-

imen were taken with dial calipers accurate

to 0.1 mm. Variables measured included:

the greatest carapace length (CL), carapace

width (CW) and depth of shell at the level

of the seam separating the second and third

vertebrals (CH), marginal width (MW, the

difference between the carapacial width and

the width across the pleurals taken between

the points of juncture of the marginals and

pleurals at the level of the seam between

the second and third vertebrals), greatest

plastron length (PL), greatest width and

length of both plastral lobes (APW, APL;
PPW, PPL), least bridge length (BL), great-

est width and length of the cervical scute

(if present; CERW, CERL) and all verte-

brals (VIW, VIL, etc.) scutes, and medial

seam lengths of all plastral scutes (Gul.,

Hum., Pect., Abd., Fem., An.). Also noted

were the number of submarginal scales on

each bridge, the presence of any supernu-

merary scales on the anterior lobe of the

plastron, the condition of the posterior plas-

tral rim (smooth, slightly serrate, or ser-

rate), if the lateral rim of the carapace was
straight or indented at the bridge, the extent

of development of the cephalic shield, the

size and degree of development of the

hooked upper jaw (short, S; medium, M;
long, L) and the presence or absence of a

postorbital stripe. The number of rows of

large scales at the lateral edge of the ante-

brachium between the claw of the fifth digit

and the first horizontal skin fold proximal

to the elbow (FLSR) was also recorded.

In addition, careful notes were made of

head, neck, limb, carapace and plastron pat-

terns, and colors were recorded from living

turtles and color transparencies. Specimens

were assigned to subspecies according to

these characters, and their collection local-

ity.

Statistical techniques were executed us-

ing SAS 6.12. Levels of significance were

set a priori at a = 0.05.

Results

Normal plots by sex and subspecies

showed no strong deviation from normality

for the morphological variables used in

multivariate analyses, so the untransformed

variables were used. MANOVA (using

pooled covariance matrices) indicated sig-

nificant differences between subspecies

were present in both the female and the

male samples. A statistically conservative

pairwise comparison (Roy & Bose 1953)

showed that for both sexes only shiui was
significantly different from the other taxa.

Canonical discriminant analyses using

resubstitution had overall error rates of

8.6% for females and 10.5% for males, but

when using cross validation (the preferred

method) these rates increased to 40% for

females and 57.6% for males. Removal of

gular and humeral data (characters impor-

tant in tristernalis) did not significantly af-

fect these results.

Under cross validation, only one of three

female vogeli was properly identified (one

each of the remaining female specimens

was improperly placed with megacephalum
and peguense); but megacephalum (67%
accurately identified, 17% as peguense,

1 1% as vogeli, and 6% as shiui), peguense

(55% accurately identified, 36% as mega-
cephalum, and 9% as vogli), and shiui (67%
accurately identified, and 33% as megace-

phalum appeared valid. The inclusion of

both megacephalum and peguense in vogeli

suggests invalidity of the latter taxon. For
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First canonical variable

Plot of the first two canonical variables of females.

males, the cross validation technique also

revealed much overlap between the various

taxa. The two male tristernalis were accu-

rately identified, as were 7 1% of male shiui

(18% as megacephalum, and 6% as pe-

guense); but only 40% each of megace-

phalum (40% as shiui, and 10% as pe-

guense) and peguense (40% as shiui, and

10% as megacephalum) were properly

identified. Only one of two male vogeli was

properly identified (the other was placed

with megacephalum), further suggesting in-

validity of the taxon.

Examining a plot of the first two canon-

ical variables from females (no female tris-

ternalis were available) resulted, as expect-

ed from the resubstitution results, in good

separation of shui, but not very good sep-

aration for megacephalum, peguense and

vogeli (Fig. 1). The plots of megacephalum

and peguense overlapped, and vogeli

formed an extension oi peguense. Invalidity

of vogeli is further supported by its sharing

plastron and head patterns with peguense.

Partial univariate /-statistics identified Pect.,

Fern., and APW as the most important char-

acters separating females.

The same plot for males (Fig. 2) shows

good separation for male peguense, trister-

nalis and vogeli, but not for megacephalum
and shui. Partial univariate /-statistics iden-

tified APW, PPW, and An as the most im-

portant characters separating males.

Logistic regression {P < 0.0001) of the

snout and jaw hook indicated that these

supposedly important features for separat-

ing peguense and vogeli increase with size

and are not reliable taxonomic characters

for distinguishing the two taxa.

Discussion

Discriminant function analysis with cross

validation, although sample sizes were
small, did not properly classify more than

50% of male vogeli. and more than 33% of

females-males were misidentified as me-

gacephalum: females as either megacephal-
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um or peguense. The subspecies vogeli

shares a black-bordered postorbital stripe,

unpatterned jaws, and a dark plastron pat-

tern with peguense. The two subspecies re-

portedly differ in the length of upper jaw

hook, the condition of the posterior cara-

pace rim, and the condition of the dark plas-

tron pattern (Ernst & Barbour 1989). The
upper jaw of vogeli is not short and not

strongly hooked, that of peguense is sup-

posedly strongly hooked; the posterior car-

apace rim of vogeli is smooth and unserrate,

that of peguense is serrate; and vogeli has

a larger, faded plastron pattern, peguense a

dark seam-following plastron pattern. These

three characters are ontogenetic, change

with growth, and should not be considered

valid for separating the two taxa. The snout

and upper jaw of all P. megacephalum are

relatively short at hatching, but lengthen

with age (Table 1). Similarly, a serrate pos-

terior carapace rim is normally a juvenile

condition in turtles, and the rim becomes
less serrate with growth, until very smooth

in large adults. The dark seam-following

pattern of juvenile turtles usually spreads

from the seams to cover progressively

more of the plastron surface, and eventu-

ally fades and is no longer dark in adults

(species in the North American emydine
genera Graptemys, Pseudemys and Trach-

emys are good examples; Ernst et al.

1994). Elimination of these three charac-

ters makes a stronger case for placing

vogeli in the synonymy of peguense. Also,

peguense was described from three ju-

venile syntypes (BMNH 1946.9.7.42,

1946.1.22.21, 1946.1.22.22), but the ho-

lotype and paratype of vogeli (SMNS 4573

and 3755, respectively) are adults. There-

fore, we believe vogeli to be the adult stage

of peguense and recommend that it be

placed in the synonomy of peguense.

Two juveniles with 95 mm and 102 mm
carapace lengths from Hainan Island, China

within the geographical range of shiui ex-

hibited the three characters discussed

above, but the posterior carapace rim was



22 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Table 1.—Condition of upper jaw in Platysternon megacephalum.

Taxon (n) Sex (n) Jaw condition

Short Medium Long (Hooked)

megacephalum (20)

F(7)

M (9)

J (4) 1

1

5

3

6

4

peguense (16)

F(3)

M (0)

J (13) 9 4

3

shiui (17)

F(7)

M (6)

J (4)

3

4

4

4

2

tristernalis (2)

M(2) 2

vogeli (10)

F(4)

M (0)

J (6) 4 1

4

1

only "slightly serrated" and the turtles re-

sembled P. t. peguense; adults from Hainan

Island resembled shiui (de Bruin & Artner

1999). Consequently de Bruin & Artner

(1999) proposed that shiui was merely the

adult of peguense. We have examined shiui

(102-106 mm CL) from northern Vietnam

that lacked a postorbital stripe, a dark plas-

tral pattern, and a serrate posterior carapace

rim. They, however, had shiui head and car-

apace patterns. If juvenile shiui look like

young peguense, they must lose the three

pertinent characters before reaching a car-

apace length of 102 mm, which is unlikely.

We have also examined adult Platysternon

from Hainan which resembled both shiui

and peguense (FMNH 6631, 6632; UMMZ
129833). This raises questions as to what is

occuiTing there. Are the two subspecies nat-

urally present, and has intergradation taken

place? Has peguense been introduced for

the food trade? More study is needed to ad-

dress these points.

The small extra scutes at the gular-hu-

meral seam in tristernalis are developmen-

tal anomalies, not fixed characters, and

should not be used for designating taxa.

Subdivisions at the borders of scutes create

smaller, additional scutes, and can occur at

any position on a turtle's shell (Zangerl &
Johnson 1957, Zangerl 1969). Such super-

numerary scutes are commonly found when
a series of turtles of like taxon are examined

(Parker 1901, Newman 1906, Coker 1910,

Babcock 1930, Hildebrand 1930, Grant

1937, Lynn 1937, Lynn & Ullrich 1950,

Sturn & Brattstrom 1958, Zangerl & John-

son 1967, Baker 1968, Bonaric & Bons

1971, Ernst 1971, Schwartz & Peterson

1984), are known from all turtle families

with scutes (Eweit 1979), and probably oc-

cur in all turtle genera with scutes (Ernst,

pers. obs.). Such anomalies are common at

the gular-humeral seam in Platysternon me-

gacephalum (Table 2), including in two of

three syntypes of peguense (BMNH
1946.1.22.21. 1946.1.22.22), and therefore,

because supernumeraiy scutes are found in

all subspecies of P. megacephalum, trister-

nalis is considered invalid. This taxon
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Table 2.—Supernumerary scutes at the gular: hu-

meral interface in Playsternon megacephalum.

Taxon (n) Sex (n)

Number of
extra scutes (n)

mecagephalum (2)

F(l)

M(l)
1

1

peguense (11)

F(3)

M(2)
J (6)

1, 2 (2)

1, 2

1 (4), 2 (2)

shiui (2)

M(l)
J(l)

1

1

tristernalis (2)

M(2) 3, 4

volgeli (5)

F(4)

J(l)

1 (3), 2

1

should be relegated to the synonymy of the

subspecies megacephalum, which it most

closely resembles and within whose range

its type-locality lies.
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Appendix 1

Platysternon megacephalum examined.

Specimens from the following collections were ex-

amined: British Museum of Natural History (BMNH);

California Academy of Sciences (CAS); Field Museum
of Natural History (FMNH); George Mason University

(GMU); Museum National d'Histoire Naturelle, Paris

(MNHP); National Natuurhistorisch Museum, Leiden

(RMNH); Naturhistorisches Museum Wien, Vienna

(NHMW); Natur-Museum Senckenberg, Frankfurt-am-

Main, Germany (SMF); Staatliches Museum Natur-

kunde, Stuttgart (SMNS); Staatliches Museum fiir

Tierkunde, Dresden (MTKD), United States National

Museum of Natural History (USNM); University of

Michigan Museum of Zoology (UMMZ); William P.

McCord, Hopewell Junction, New York, personal col-

lection (WPM); William H. Randel, Hatboro, Penn-

sylvania, personal collection (WHR), Zoologisches In-

stitut und Museum Hamburg (ZMH), and the Zoolo-

gische Staatssammlung MUnchen (ZSM).

Platysternon megacephalum megacephalum (51):

BMNH 1870.1.14.26, 1946.9.7.42(47a)-holotype,

1954.5.4.3, 1983.6.60; CAS 12343, 16529, 74579;

FMNH 15909, 24230, 51627; GMU 1102; MNHN
1945; NMW 1748, 19652, 19653-1, 19653-2, 19654,

29477; SMF 33094, 34457, 37021, 40210, 40211,

40212, 40213, 59446, 60053, 65758, 69147, 69774,

69794, 71654; UMMZ 129761; USNM 66454, 73119,

73120, 73121, 73122, 136016, 286813; WPM 1-11.

Platysternon megacephalum peguense (42): BMNH
1882.10.7.1, 1887.11.2.1, 19214.1.195, 1921.4.1.196,

1927.5.20.45, 1946.1.22.2 1-syntype, 1946.1.22.22-

syntype; CM 89809, 89814; FMNH 6628, 6631, 6632;

GMU 2985, 3407; MNHN 1893-301, 1935-467, 1982-

251; NMW 20825, 29287; SMF 21489, 57544, 66464,

66465, 69684, 69955, 70531, 72682, 73011; UMMZ
101652, 101665, 101666, 112313, 129833. 141782;

USNM 068166, 129761, 339715, 339716, 339717;

WHR 31; WPM 1-2.

Platysternon megacephalum megacephalum x Platys-

ternon megacephalum peguense (1): BMNH
1983.6.59.

Platysternon megacephalum shiui (26): BMNH
1979.64; GMU 3408, 3821; MNHN 1935-121; NMW
1144; RMNH 6489, 14908; USNM 266160-holotype,

266161-paratype; WHR 30; WPM 1-8, 12-16.

Platysternon megacephalum tristernalis (2): ZSM 318/

1 980-paratype, 319/1 980-holotype.

Platysternon megacephalum vogeli (14): MTKD
19219, 40714, 40715, 40793, 41342; SMNS 3755-par-

atype, 4573-holotype; WHR 1; WPM 1; ZMH
R01081, R01088, R04051; ZSM 220/1982, 55/1990.
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Apogon dianthus, a new species of cardinalfish (Perciformes:

Apogonidae) from Palau, western Pacific Ocean with comments on
other species of the subgenus Apogon

Thomas H. Fraser and John E. Randall

(THF) Mote Marine Laboratory, 1600 Ken Thompson Parkway, Sarasota, Florida 34236, U.S.A.;

(JER) Bishop Museum, 1525 Bernice St. Honolulu, Hawaii 96817, U.S.A.

Abstract.—A new species, Apogon dianthus, in the subgenus Apogon La-

cepede, 1802 is described from a single specimen from Palau. It has 12 pec-

toral-fin rays, 15 well-developed gill rakers, four predorsal scales, and a pink,

translucent body lacking any dark markings or dark edges on the scales. It is

related to A. deetsie Randall, 1998, known from the Hawaiian Islands and

Tuamotu Archipelago which has blackish bars on the body, six predorsal scales,

12 pectoral-fin rays, and 13-15 well-developed gill rakers. Thirty-eight species

are recognized in the subgenus Apogon, which is the most widespread group

of cardinalfishes. Nearly 24% of the species are peripheral island endemics in

the Pacific and Atlantic Oceans. Only one of these species is presently known
to have a widespread Pacific Plate distribution.

Cardinalfishes in the subgenus Apogon
have been characterized as having a pale

stomach, intestine and peritoneum, unossi-

fied ventral preopercle flaps, very simple

lateral-line scale architecture, one supernu-

merary dorsal spine, no uroneurals and two

supraneurals (Fraser 1972, 1998). Members
of this subgenus have been found in all

tropical regions, reaching virtually all trop-

ical and subtropical islands including many
remote islands, for example Easter, Mar-

quesas, Hawaii, Clipperton, Galapagos,

Bermuda, Ascension and St. Helena. We
provide a list of 38 species and three un-

certain names by region (Table 1), although

the species composition of the Atlantic

Ocean (19) and Eastern Pacific (6) is much
better understood than that of the Indo-Pa-

cific region (13 + ). The recently described

species, A. susanae Greenfield, 2001, is

uniquely distributed throughout the Pacific

Plate (Springer 1982). All other species in

the region are restricted to islands or island

groups. We expect the number of species in

the Indo-Pacific eventually to exceed that of

the Atlantic.

During a 1970 field trip to the Palau Is-

lands, a single specimen of an unidentified

Apogon was collected. We did not locate

additional specimens in museum collections

despite the fact that the islands of Palau

were intensely collected by various ichthy-

ologists as part of a multi-year program

supported by the George Vanderbilt Foun-

dation of Stanford University. None has

turned up in the abundant material at the

National Museum of Natural History from

the 'Albatross' Expeditions and more recent

field trips to the Philippines, Indonesia, and

Palua. It is suspected that this species is

normally found at depths usually not col-

lected by SCUBA gear. We therefore pro-

vide a description of this species to contrib-

ute to the overall knowledge of Indo-Pacific

Apogon. Another undescribed species in

this subgenus is being described by Gerald

Allen and John E. Randall.

Methods

Methods of taking and recording meristic

data and measurements are given in Fraser
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Table 1.—List of species placed in the subgenus Apogon and their general distribution. Species with an T'

are peripheral island endemics, and a 'P' Pacific Plate species and with a 'U' have uncertain species status.

Atlantic Ocean

Indo-Pacific Ocean

Species of

Apogon (Apogon)

Indian Pacific

Western Central Eastern Western Eastern Western Central Eastern

amencanus X

aurolineatus X

axillaris

binotatus X

gouldi xl

imberbis

lachneri X

leptocaulus X

maculatus X

mosavi X

phenax X

pillionatus X

planifrons X

pseudomaculatus X

quadrisquamatus X

robbyi X

robinsi X

townsendi X

atradorsatus

atricaudus

dovii

guadalupensis

pacificus

retrosella

campbelli

coccmeus

caudicinctus

crassiceps

deetsie

dianthus

doryssa

erythrinus

indicus

lativittatus

marquesensis

semiornatus

susanae

sp A
cardinalis

hypselonotus

kominatoensis

xl

X

xU
xU
xU

xl

xl

X

xl

X

X

X I, P

X

X I, P

X

X I, P
X I, P
X

X P

& Lachner (1985). All measurements are in

millimeters to the nearest 0. 1 mm. All pro-

portions are based on standard length and

all material is reported by standard length

rounded to the nearest millimeter, except

for the primary type material. All x-ray

photographs are in data files maintained by

the first author. The acronyms used in the

lists of materials to designate institutions

and collections cited, follow general usage

given in Leviton et al., (1985) and Es-

chmeyer (1998).
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Fig. 1. The holotype of Apogon dianthus from Palua, Pacific Ocean, 48.0 mm SL.

Apogon dianthus, new species

Fig. 1

Material examined.—Holotype BPBM
9360, 48.0 SL, Palau Islands, 420 m south-

west of Malakal Pass. Cave at base of coral

head on 60° slope. Chemfish, 18 m, J. E.

Randall, A. R. Emery, and E. S. Helfman.

17 Apr 1970. x-ray.

Comparative material.—Amia diencaea

holotype USNM 70243; 31.8; Philippine

Is., Jolo Is., Sulade I.; 17 Sep 1909; x-ray.

Amia guadalupensis holotype USNM
87545; 84.0; Mexico, Guadalupe Is.; x-ray.

Apogon atradorsatus holotype SU 6357;

71.0; Galapagos Is., Charles I.; x-ray. Apo-

gon atricaudus syntypes SU 5708; 12(40—

65); Mexico, Revillagigedo Is., Socorro I.;

x-ray. Apogon campbelli syntypes RUSI
348; 39.5; Mozambique, Delagoa Bay; x-

ray. USNM 112207; 34.0; same data; x-ray.

Apogon caudicinctus holotype BPBM
13002; 50.9; Rapa; 0-3 m; 14 Feb 1971.

Apogon coccineus lectotype SMF 973;

35.0; Eritrea, Massawa; x-ray. paralectoty-

pes SMF 4705; 25.5 mm SL; SMF 4705;

26.2; same data; x-ray. Apogon crassiceps

holotype MCZ 28314; 26.3; Fiji, Suva
Reef. Apogon deetsie BPBM 37400; 40.4;

Hawaiian Is., Oahu I.; 10 Oct 1969. Amia
doryssa holotype USNM 51812; 34.8; Sa-

moa, Apia; x-ray. paratype SU 8684; 30.3;

same data. Apogon erythrinus holotype

USNM 50876; 35.5; Hawaii, Puako Bay; x-

ray. paratypes USMN 55316; 39.1; USNM
55321; 27.9; both x-ray. SU 7733; 29.7;

Hawaii, Honolulu; Albatross; 1902; SU
7734; 24.2-27.2; Hawaii, Kanai, Hanalei

Bay. Apogon hypselonotus RMNH 5571;

30.0, 38.0 TL; Batu Archipelago. Apogon
lativittatus holotype BPBM 11665 Marque-

sas Is., Fatu Hiva; 18 April 1971. paratypes

BPBM 11032; 5(20-49); Marquesas Is., Ua
Pou, Vaeho Bay; 29 Apr 1971; x-ray. Apo-

gon leptocaulus paratype ANSP 117463;

41.9; Bahamas, Providencia I.; Apogon se-

miornatus RUSI 1868; 22.7; Mauritius,

Round I.; 3 Mar 1971; x-ray. Apogon war-

reni holotype BMNH 1906.11.19.50; 40.7

mm SL; South Africa, Kosi Bay. Apogon
susanae holotype CAS 85037; 30.2; Ifaluk

Atoll; 1 Nov 1953; x-ray. Apogon indicus

holotype USNM 341643; 28.8; Mauritius,

Le Morne; 6-8 m; x-ray. A. sp A USNM
349197; 49.5; Philippines, Balicasag I.,

9°31'14"N, 123°40'00"E; 0-24 m; 10 Aug
1978.
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Diagnosis.—A member of the subgenus

Apogon, with 12 pectoral-fin rays; 15 well-

developed gill rakers; lacking bars, stripes

or other markings on the fins, scales and

body.

Description.—Proportions (percentage of

standard length): greatest body depth 33.1;

head length 40.6; eye diameter 11.9; snout

length 9.2; bony interorbital width 6.9; up-

per-jaw length 20.4; caudal-peduncle depth

14.2; caudal-peduncle length 27.9; first dor-

sal-fin spine length 6.7; second dorsal-fin

spine length 21.0; third dorsal-fin spine

length 17.5; fourth dorsal-fin spine length

14.4; spine in second dorsal fin 13.1; first

anal-fin spine length 2.7; second anal-fin

spine length 14.4; pectoral-fin length 30.6;

pelvic-fin length 35.0.

Dorsal fin VI-I,9; anal fin 11,8; pectoral

fin 12; pelvic fin 1,5; principal caudal rays

9 + 8; many scales missing, counts not

made of pored lateral-line scales and cir-

cumpeduncular scales, remaining scales

ctenoid; one row of scales above lateral

line, six transverse scale rows below lateral

line, four median predorsal scales, simple

pore on lateral-line scale with single open-

ing; first gill arch with two rudiments and

three rakers on upper arch; two rudiments

and 12 rakers on lower arch; total rudiments

and rakers 19 (2-F3-12+ 2), well develop

rakers 15 (3 + 12); second gill arch with ru-

diments and short rakers 2+1-11+3.

Villiform teeth in several rows on pre-

maxilla; several rows on dentary; a single

short row with a posterior group on pala-

tine; one short row on vomer; none on ec-

topterygoid, endopterygoid or basihyal.

Vertebrae 10 + 14. Five free hypurals,

no uroneurals, three epurals, a free parhy-

pural. Two supraneurals, one supernumer-

ary spine on first dorsal pterygiophore. Ba-

sisphenoid present. Supramaxilla absent.

Posttemporal smooth on posterior margin.

Preopercle ridge smooth, vertical edge ser-

rate, ventral edge unossified flap. Infraor-

bital edge smooth. Skin at end of snout

without free edge near anterior nostril.

Color ill (ilcohol.—Head, body and fins

without marks, spots or other indications of

color pattern (Fig. 1). Stomach and intestine

pale, peritoneum pale with minute mela-

nophores.

Life colors.—Light orange-pink body,

slightly translucent, tip of jaw pale red, fin

rays pink with membranes clear. From
notes of J. E. Randall shortly after collec-

tion.

Distribution.—Known only from Palau;

should be expected elsewhere in the West

Pacific.

Etymology.—From the Latin word dian-

thus, a genus of plants, some with pink

flowers, here treated as a masculine adjec-

tive using dianth and the suffix -us, refer-

ring to the pink body color.

Remarks.—Three groups of similar Indo-

Pacific species of Apogon with one super-

numerary dorsal spine, a ventral unossified

portion of the preopercle and very simple

pore architecture on the lateral-line scales

may be related. These groupings, only one

of which has a subgeneric name, for sim-

plicity of identification can be separated

from one another by having two or three

supraneurals, none or one pair of uroneur-

als, scales on body about same size as pored

lateral-line scales or becoming increasingly

smaller, dark or pale peritoneum, and dark

or pale stomach and intestine. Apogon di-

anthus can be added to those species which

have been recognized as a subgenus, Apo-

gon, by having a pale stomach, intestine

and peritoneum, no uroneurals and two su-

praneurals. Species comparisons are dis-

cussed among several possible phenetic

groupings within the subgenus Apogon.

Apogon dianthus has pale lining (epithe-

lium) of the stomach, intestine and perito-

neum, no free edge of skin near the anterior

nostril and one full scale between the pored

lateral-line scales and the second and third

dorsal spine. It is distinguished from other

species in having three developed rakers on

the upper limb of the first arch gill (first

raker about twice the length of the preced-

ing rudiment and less than half the length

of the second raker) and 12 pectoral-fin
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rays. Apogon deetsie and Apogon sp. (being

described by Allen and Randall) with two

or three developed upper arch gill rakers,

12 circumpeduncular scales and 13-16

well-developed gill rakers are likely to be

confused with A. dianthus. Apogon sp. has

13 pectoral-fin rays and darkish bars on the

caudal peduncle. Apogon deetsie, a Hawai-

ian endemic, has 12 pectoral-fin rays, 1-

2-1-2-3 rudiments and rakers on the upper

limb of the first gill arch and 11-12-1-1-2

rakers and rudiments on the lower limb arch

of the first gill arch and blackish bars on

the body. Another species with two upper

arch gill rakers, Apogon coccineus, has 13

pectoral-fin rays and 10-11 well-developed

gill raikers, is smaller in size and is restrict-

ed to the western Indian Ocean.

Those species usually with one devel-

oped gill raker on the upper arch and 13-

14 pectoral-fin rays include A. campbelli

Smith, 1949, A. crassiceps Garman, 1903,

A. erythrinus Snyder, 1904, A. hypselonotus

Bleeker, 1855, A. indicus Greenfield, 2001,

A. lativittatus Randall, 2001, A. marquesen-

sis Greenfield, 2001, and A. susanae. Some
species which usually have 12 pectoral-fin

rays, including A. caudicinctus Randall &
Smith, 1988, A. doryssa Jordan & Seale,

1906, A. semiomatus Peters, 1876, A. war-

reni Regan, 1908 (= semiornatus), and A.

diencaea (Smith & Radcliffe in Radcliffe,

1912) (= semiornatus), can be distin-

guished from A. dianthus by the presence

of one developed gill raker on the upper

arch instead of three, and 8—1 1 well-devel-

oped lower gill rakers instead of 12.

Greenfield (2001) noted that several red-

dish, translucent species without dark mark-

ings could be further differentiated by: end

of the snout without a free edge near the

anterior nostril and two full scales present

between the pored lateral-line scales and the

second and third dorsal spines (A. erythri-

nus, A. indicus, A. marquesensis and A. su-

sanae); and end of the snout with a free

edge near the anterior nostril and one full

scale present between the pored lateral-line

scales and the second and third dorsal

spines (A. campbelli, A. coccineus Riippell,

1835, A. crassiceps, A. hypselonotus, A.

kominatoensis Ebina, 1935). Greenfield did

not place A. doryssa (also reddish and

translucent) in either of these groups be-

cause of other slight differences. Based on

these characters, A. dianthus has one char-

acter from each group, creating some un-

certainty about its relationships with species

in these phenetic groupings.

Apogon kominatoensis described by Ebi-

na (1935) as having 'Gill-rakers 4 -I- 12, of

which 5 are rudiments, . . .', is clearly dis-

tinguished from A. dianthus by the lower

number of well-developed gill rakers. Sta-

tus of the type material is uncertain accord-

ing to Gon (in litt). The holotype of A. car-

dinalis (Seale, 1909) was likely destroyed

during World War II. Seale noted that A.

cardinalis was related to A. erythermus, a

misspelling of erythrinus. He further men-

tioned about 13 short, sharp, pointed gill

rakers on the lower limb and the presence

in preservative of dusky marks at the base

of dorsal fin and a brown spot on the nuchal

region. In life the color pattern was de-

scribed as '.
. .uniform bright cardinal,

without stripes or bands; a slight tint of yel-

low on side of belly, and a brownish blotch

on opercles just posterior to eye, fins all

uniform red.'

A western Atlantic species, A. leptocau-

lus Gilbert, 1972, has a similar preserved

color pattern. However, it differs in being

deep red with reddish fins instead of being

pink, in having 17-20 instead of 13-15

well-developed gill rakers on the first gill

arch and in having 7—8 instead of six pre-

dorsal scales.

All the eastern Pacific species of Apogon
have 12 pectoral-fin rays and gill raker and

rudiment counts similar to A. dianthus.

Three Eastern Pacific species A. atrador-

satus Heller & Snodgrass 1903, A. atricau-

dus Jordan & McGregor in Jordan & Ev-

ermann 1898 and A. guadalupensis (Osburn

& Nichols, 1916) lack bars, stripes or other

darkish markings on the head and body.

They are distinguished from A. dianthus by
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having much smaller body scales, higher

predorsal scale counts (9) and dusky pig-

mentation on the first dorsal fin and tips of

the anal and second dorsal fins.
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Revision of Atlantic sharpnose pufferfishes (Tetraodontiformes:

Tetraodontidae: Canthigaster), with description of three new species
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Abstract.—Six species of sharpnose puffers are herein recognized from the

Atlantic Ocean, three of which are described as new: Canthigasterfigueiredoi,

n. sp. from the east coast of South America, Canthigaster jamestyleri, n. sp.

from deep reefs off the southeast coast of the United States and the Gulf of

Mexico, and Canthigaster supramacula, n. sp. from the west coast of Africa.

Canthigaster capistratus (Lowe 1839), described from the Madeira Islands and

previously considered to be a junior synonym of C. rostrata (Bloch, 1786), is

revalidated and redescribed; it's known distribution extends from the Macaro-

nesian Region to the Mediterranean. Canthigaster rostrata (Bloch, 1786), re-

stricted to shallow-water northwestern Atlantic reefs, and C sanctaehelenae

(Giinther, 1870), endemic to the mid-Atlantic islands of Ascension and St.

Helena, also are diagnosed and redescribed. An identification key based on

pigment pattern features is provided for all six Atlantic species of Canthigaster.

Resumo.—Seis especies do genero Canthigaster (Tetraodontidae: Canthigas-

terinae) sao reconhecidas no Oceano Atlantico, tres das quais sao descritas

como novas: Canthigaster figueiredoi sp. n., da costa oriental da America do
Sul, Canthigaster jamestyleri sp.n., de recifes profundos da costa Sudeste dos

Estados Unidos e Golfo do Mexico e, por fim, Canthigaster supramacula sp.

n., da costa oriental da Africa. Canthigaster capistratus (Lowe 1839), descrita

da llha da Madeira, e revalidada e redescrita, e sua distribuigao conhecida

estende-se desde a Regiao Macaronesica ate o Mediterraneo. Canthigaster ros-

trata (Bloch, 1786), restrita a recifes rasos do Atlantico norte ocidental e C.

sanctaehelenae (Giinther, 1870), endemica das ilhas meso-Atlanticas de Santa

Helena e Ascensao, sao tambem redescritas e diagnosticadas. Uma chave de

identificagao, baseada em caracteristicas do padrao de pigmenta§ao, e apresen-

tada para as seis especies de Canthigaster do Oceano Atlantico.

The subfamily Canthigasterinae (family islands, specimens of Canthigaster are

Tetraodontidae) contains only the genus nearly always referred to a single species,

Ccmthigaster Sv^amson, 1839, which com- Canthigaster rostrata (Bloch, 1786) (e.g.,

prises the tropical and subtropical reef-as- Randall 1996), with only occasional rec-

sociated fishes commonly known as sharp- ognition of a separate species, Canthigas-

nose puffers (Shipp 1974, Tyler 1980). At ter sanctaehelenae (Giinther, 1870), from
present, 26 species of Canthigaster are rec- Ascension and St. Helena Islands (e.g.,

ognized in the hido-Pacific (Allen & Rand- Tortonese 1984, Edwards & Glass 1987).

all 1977, Matsuura 1992). Throughout However, our analysis indicates that there

both sides of the Atlantic and its oceanic are at least six Atlantic species of Canthi-
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gaster, three of which are described herein

as new.

Pigment pattern is the most important

feature used for identification of sharpnose

puffers, because there is considerable ho-

mogeneity in their external morphology and

anatomy (Tyler 1980). As Allen & Randall

(1977) remarked, the members of Canthi-

gaster are better known for their general

lack of characters, rather than for any dis-

tinguishing attribute. In addition, the skin

of Canthigaster species is highly distensible

due to the absence of typical overlapping

scales, precluding accurate measurements

of preserved specimens (Randall & Cea-

Egaila 1989). These factors result in an al-

most complete overlap of morphometric

features among all 32 species of sharpnose

puffers. —

As a consequence of the overall lack of

significant intrageneric variation in mor-

phological characters, pigmentation has

served as the basis for the discrimination of

Canthigaster species. However, interpreta-

tion of geographical distributions and of

variation in pigment characters has varied

significantly among authors. For example,

whereas Fraser Brunner (1943) recognized

13 Canthigaster species in the Indo-Pacific

plus two in the Atlantic (C rostrata and C
sanctaehelenae), Le Danois (1961) recog-

nized only four species worldwide. In con-

trast to the latter author, Abe (1949) and

Shen & Lin ( 1 974) hypothesized that sharp-

nose puffers demonstrated a low degree of

intraspecific variation in pigmentation fea-

tures, recognizing six Canthigaster species

in Japan and eight species in Taiwan. Al-

though some slight intraspecific variation in

pigment pattern does exist, at least in some
of the species studied herein, no overlap is

known to occur in the diagnostic pigmen-

tation characters of species recognized by

Allen & Randall (1977) and subsequent

workers (Lubbock & Allen 1979, Matsuura

1986, 1992, Edwards & Glass 1987, Rand-
all & Cea-Egaiia 1989).

With the exception of C. sanctaehelenae,

all other Atlantic sharpnose puffers have

long been referred to C. rostrata (e.g., Jor-

dan & Edwards 1886, but see LeDanois

1961). However, after examination of pig-

mentation characters that have not been

used previously for species identification in

this group, a complex of six Atlantic Can-

thigaster allospecies, including three undes-

cribed species, can be recognized. The ob-

jectives of this paper are to describe these

three species, revise the three Atlantic spe-

cies previously named, and provide a key

for the six valid Atlantic species.

Methods

Methods of counting and measuring

specimens follow Allen & Randall (1977).

Museum acronyms follow Leviton et al.

(1985), with the addition of LIRP (Labor-

atorio de Ictiologia de Ribeirao Preto, Uni-

versidade de Sao Paulo, Brazil). In descrip-

tions of new species, which are based solely

on the holotypes and all paratypes, the

ranges for counts and proportional mea-

surements are presented first, followed by

values for the holotype, neotype, or synty-

pes in parentheses. Individual species ac-

counts focus primarily on pigment pattern

characteristics because we found, as did Al-

len & Randall (1977), that pigment pattern

characters are the most useful features for

separating species. Specimens of 24 species

of Canthigaster from the Indo-Pacific re-

gion also were examined and are listed un-

der "Comparative material examined". Ab-

breviations: SL, standard length; HL, head

length.

General Morphology
of Atlantic Canthigaster

Fin-ray counts and measurements for the

six Atlantic species are given in Tables 1-

6. Body moderately deep and compressed,

greatest body depth, when not inflated, lo-

cated at a vertical through middle of pec-

toral fin. Dorsal profile of head slightly con-

vex to straight from margin of lip to vertical

through pupil; strongly convex from that

point to dorsal-fin origin; straight to slightly
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convex and posteroventrally slanted along

base of dorsal fin; straight to slightly con-

cave from posterior termination of dorsal

fin to base of caudal fin. Dorsal portion of

body rounded transversely above pectoral

fin, with movable ridge of skin along mid-

dorsal line, less rounded transversely pos-

teriorly. Ventral profile of head straight to

slightly concave. Ventral profile of body

straight when not inflated to strongly con-

vex when inflated; straight to slightly con-

vex and posterodorsally slanted along anal-

fin base; straight to slightly concave along

caudal peduncle. Head markedly pointed in

lateral profile, snout conical, and mouth ter-

minal. Single minute nostril on each side of

snout, with circular opening and set in short

inconspicuous tube. Eye of moderate size.

Gill openings small, ending ventrally at

about level of midportion of pectoral-fin

base. Teeth fused into premaxillae and den-

taries as beak-like jaws, convex in outer

view and separated by a median suture.

Teeth white. Head and body with scattered

tiny prickles consisting of modified scales.

Lateral line only visible using microscope.

Dorsal-fin margin slightly rounded. Dorsal

fin situated on posterior half of body, orig-

inating at vertical through beginning of pos-

tedormost third of standard length. Pectoral

fin moderately developed, its posterior mar-

gin straight to slightly rounded. Pelvic fins

and associated internal skeleton absent.

Anal fin originating immediately posterior

to vertical through posterior termination of

dorsal-fin base, ventral margin slightly

rounded. Caudal-fin margin slightly round-

ed.

Canthigaster figueiredoi, new species

Fig. lA, Tables 1, 2

Canthigaster rostrata (not of Bloch,

1786).—Mago-Leccia. 1970:122 in part

(listed for Venezuela).—Carvalho-Filho,

1994:248 (diagnosis, distribution, notes

on biology, ilkistration based on Carib-

bean specimens).—Ferreira et al., 1995:

225 (listed).—Figueiredo & Menezes,

2000:69 (diagnosis, key, illustration, dis-

tribution, notes on biology).—Szpilman,

2000:288 (fisted for Brazil).

Canthigaster sp.—Carvalho-Filho, 1999:

248 (diagnosis, illustration, color photo-

graph, distribution, notes on biology).

—

Rocha & Rosa, 2001:992 (listed for north-

eastern Brazil)

Holotype.—MZUSV 45608 (72.9 mm
SL), Alcatrazes Archipelago (24°06',

45°42'W), Sao Paulo State, Brazil, 28 Apr
1993, R. L. Moura.

Paratypes (14 specimens, 48.8-78.8 mm
SL, all from Brazil).—MZUSP 53044 (1,

62.2 mm SL), Manoel Luis Reefs (00°52'S,

44°15'W), Maranhao State, 1 Jul 1998, R.

L. Moura & R. B. Francini-Filho; MZUSP
53032 (2, 48.8-55.1 mm SL), same locality

as MZUSP 53044, 2 Jul 1998, R. L. Moura
& R. B. Francini-Filho; MZUSP 46327 (1,

76.2 mm SL), Fernando de Noronha Ar-

chipelago (03°56'S, 35°24'W), Pernambuco

State, 20 Jun 1985, A. Carvalho-Filho;

USNM 357499 (1, 77.5 mm SL), Arem-
bepe (12°47'S, 37°30'W), Bahia State, 10

Jun 1985, A. Carvalho-Filho; MZUSP
60536 (1, 78.8 mm SL), Abrolhos Archi-

pelago (17°57'S, 38°4rW), Bahia State, 14

Mar 1999, R. L. Moura, C. H. Flesch & R.

B. Francini-Filho; MZUSP 52256 (1, 49.4

mm SL), same locality as MZUSP 60536,

1 Jan 1997, I. Sazima & R. L. Moura;

MZUSP 44936 (1, 69.0 mm SL), Tres Ilhas

(20°42'S, 40°24'W), Guarapari, Espi'rito

Santo State, Jan 1992, J. L. Gasparini; LIRP
1 126 (1, 69.6 mm SL), Farol dos Moleques

(23°49'44"S, 45°25'24"W), Canal de Sao

Sebastiao, Sao Paulo State, 14 Mar 1996,

B. S. Daher, H. G. Santos & F B. Santos,

0.5-7 m depth; LIRP 1127 (1, 51.4 mm
SL), same locality as LIRP 1126, 14 May
1996, H. F Santos & E Z. Gibran, 0-10 m
depth; USNM 357498 (1. 65.6 mm SL)

Laje de Santos (24°19'S. 46°1 1'W). Sao

Paulo State. 17 Jun 1990; MZUSP 44594

(1. 68.9 mm SL), same locality and collec-

tor as USNM 357498, 9 Jun 1990; MZUSP
45630 (1, 68.6 mm SL). Queimada Grande
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Table 1 .—Summary of fin-ray counts for the six Atlantic species of Canthigaster.

Dorsal Anai Pectoral

C. capistrata

C. sanctaehelenae

4

2

8

7

C. rostrata 44

C. supramacula

C. figueiredoi

C. jamestyleri

1

5

4

1

12

11 2 6 2

8 4 4

45 1 16 28

2 2

18 10 8

4 1 3

Island (24°29'S, 46°41'W), Sao Paulo State,

2 May 1993, R. L. Moura; MZUSP 55434

(1, 64.2 mm SL), Arvoredo Island

(27°17'S, 48°21'W), Santa Catarina State,

24 Dec 1998, R. L. Moura & R. B. Fran-

cini-Filho.

Additional material examined (2 speci-

mens, non-types).—ANSP 101831 (2,

70.6-73.2 mm SL), off Colombia (12°37'S,

71°10'W), 25 Sep 1963, RA^ Oregon, sta.

4394.

Diagnosis.—Canthigaster figueiredoi is

distinguished from its Atlantic congeners,

except C. jamestyleri, by the long anterior

extension of the lower horizontal dark

stripe on the flank (composed of irregular

horizontal and diagonal bars and originating

as a solid stripe on the ventral caudal-fin

margin). This stripe reaches the pectoral-fin

base in C. figueiredoi; by contrast, this

stripe is restricted to the caudal-fin margin

in C. sanctaehelenae, C. capistrata and C.

supramacula, while the stripe does not sur-

pass the anal-fin base in C rostrata. Can-

thigasterfigueiredoi is readily distinguished

from C. jamestyleri, which also has a lower

dark stripe on the flank extending to the

pectoral-fin base, by the presence of a dark

caudal-fin margin, the absence of vertically

oriented bars on the caudal fin, the posses-

sion of fewer spots and stripes on the body,

particularly on the dorsum, as well as by

the absence of a small black irregular spot

on the anal-fin base.

Description.—See Table 1 for a sum-

mary of meristic data and Table 2 for mor-

phometries. Dorsal-fin rays 9-10 (10); anal-

fin rays 9; pectoral-fin rays 15-16 (15).

In alcohol (Fig. lA), head and body are

tan to grayish-brown, darker on dorsum and

Table 2.—Morphometries of C. figueiredoi type specimens. Values for lines two to six expressed as % of

standard length, and for lines seven to 14 expressed as % of head length.

Holotype
MZUSP 45608

Range in

values SD „

1—Standard Length (mm) 72.9 48.8-78.8 15

2—Body Depth 38.4 33.7-43.5 3.20 15

3—Body Width 25.7 21.2-31.0 2.63 15

4—Head Length 37.7 35.9^3.0 1.83 15

5—Tip of Snout to Dorsal-fin Origin 72.2 70.7-78.5 2.26 14

6—Tip of Snout to Anal-fin Origin 74.6 74.1-82.6 2.69 15

7—Snout Length 70.5 58.8-71.6 4.24 15

8—Eye Diameter 27.6 23.3-32.0 2.63 15

9—Interorbital Width 36.0 24.8-36.0 2.65 15

10—Caudal Peduncle Depth 38.5 31.4-41.6 3.02 14

1 1—Dorsal-fin Base Length 20.4 13.5-24.7 2.88 14

12—Anal-fin Base Length 18.2 13.9-22.5 2.47 15

13—Pectoral-fin Length 39.6 30.2-43.6 4.02 12

14—Post-orbital Length of Head 21.1 15.0-25.5 2.96 15
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Fig. L Atlantic Ocean species of Canthigaster. A, holotype of C. figueiredoi, n. sp., MZUSP 45608. 72.9

mm SL, Alcatrazes Archipelago (24''06', 45°42'W), Sao Paulo State, Brazil; B, C. rostrata. USNM 318937,

48.7 mm SL, Tobago, Saint Giles Islands (11°21'22"N, 60°32'00"W) Tobago, southern Caribbean; C, neotype

of C. capistrata. ANSP 103122, 76.4 mm SL, Madeira Islands (17°5'N, 33°00'W), eastern Atlantic; D, holotype

of C. jamestyleri, n. sp., USNM 325810, 82.6 mm SL, South Carolina (33°48'N, 76°34'W), USA; E, C sanc-

taehelenae, USNM 267871, 77 mm SL, St. Helena Island (15°58'S, 05°43'W); E holotype of C. supramacula,

n. sp., ANSP 102312, 40.1 mm SL, Abidjan (~05°'N, 04°W), Ivory Coast.

paler ventrally, especially ventral to a hor-

izontal through pectoral-fin base. Few in-

conspicuous small spots sparsely distribut-

ed on dorsum. Two conspicuous dark lon-

gitudinal stripes on flank; uppermost stripe

extending from upper caudal-fin margin to

pectoral-fin origin, and lower stripe extend-

ing from lower caudal-fin margin to pec-

toral-fin base. Upper stripe solid; lower

stripe composed of smaller and irregularly

oriented bars and stripes. Snout tan, with

numerous (3-10) thin bars extending dor-

sally to level of nostrils. Dorsal, anal and

pectoral fins hyaline. Caudal fin hyaline,

with conspicuous dark stripes that extend

along proximal third of dorsal and ventral

margins to along entire margins. Some
specimens with three to six poorly devel-

oped dark lines radiating from eyes, gen-

erally from lower half of eye, most lines

horizontally oriented.

In life, body color highly contrasted dor-

so-ventrally, with yellowish-brown to tan

coloration above upper dark longitudinal

stripe and almost white below this level.

Sparse spots on body and vertical bars on

snout bluish. Iris bright yellow. Upper dark

longitudinal stripe black with thick bright

blue margins. Lower stripe black with thick

golden-yellow margins. Pectoral fins and

unpaired fins hyaline, except for dark mar-

gin of caudal fin.

Etymology.—The specific name honors

Jose Lima de Figueiredo for his contribu-

tions to the advancement of the taxonomy

of Brazilian marine fishes, as well as for his
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long-term encouragement and support to

the authors. The common name Southern

Atlantic Sharpnose-puffer is proposed.

Distribution and Remarks.—Canthigas-

terfigueiredoi ranges from the southern Ca-

ribbean (~9°N) south to the State of Santa

Catarina, Brazil (~33°S), including the oce-

anic islands of Atol das Rocas and Fernan-

do de Noronha. Throughout most of its geo-

graphical range south of the mouth of the

Amazon River (Moura et al. 1999), it is the

only species of Canthigaster recorded to

date. Canthigaster figueiredoi occurs syn-

topically with C. rostrata (Bloch, 1786) in

the southern Caribbean, the only area in the

Atlantic where two species of Canthigaster

are recorded syntopically. Canthigaster ros-

trata and C. jamestyleri are both recorded

in South Carolina and in the Gulf of Mex-
ico, but their depth ranges do not overlap.

See remarks under C capistrata for com-
parison with Indo-Pacific species.

The Southern Atlantic Sharpnose-puffer

occurs in a broad range of habitats, includ-

ing coral-rich areas in the southern Carib-

bean, coral-poor reefs along the northeast-

ern Brazilian coast, and rocky bottoms

along the southeastern and southern Brazil-

ian coast (see Maida & Ferreira 1997). It is

almost invariably observed in pairs, hov-

ering over the reefs during the day, in

depths ranging from 1 to at least 35 m. De-

spite being a rather common species, it is

not abundant in any of the localities where

we collected specimens, which may explain

its absence in early accounts of Brazilian

marine fishes (e.g., Ribeiro 1915, 1918).

The Southern Atlantic Sharpnose-puffer is

a popular fish in the Brazilian aquarium

trade.

Canthigaster rostrata (Bloch, 1786)

Fig. IB, Tables 1, 3

Tetrodon rostratus Bloch, 1786:8, pi. 146

(type locality East Indies).

Tetrodon ornatus Poey, 1867:244 (original

description, type locality Cuba).—Poey,

1875:433 (listed).—Gunther, 1870:303

(listed from St. Croix).

Canthigaster rostrata: Goode, 1876:75

(listed for Bermuda).—Jordan & Ed-

wards, 1886:246 (diagnosis).—Bean,

1906:80 (listed for Bermuda).—Jordan et

al., 1930:320 (listed).—Beebe & Tee-

Van, 1933:246 (diagnosis, key).—Fraser-

Bruner, 1943:15 (listed).—LeDanois,

1961:317 (listed).—Starck & Davis,

1966:345 (listed for Florida, night hab-

its).—Starck, 1968:36 (listed for Flori-

da).—Bohlke & Chaplin, 1968:691 (di-

agnosis, key, illustration).—Randall,

1968:281 in part (diagnosis, photo-

graph).—Mago-Leccia, 1970:122 in part

(listed from Venezuela).—CoUette & Tal-

bot, 1972:124 (activity patterns).—Smith

& Tyler, 1972:162 (notes on day and

night behavior, illustrations).—Walls,

1975:408 (diagnosis, illustration, color

photograph).—Hoese & Moore, 1977:

268 (diagnosis).—Tyler et al., 1980:274

(osteology).—Robins et al., 1980:66 (list-

ed, common name).—Robins & Ray,

1986:305 in part (diagnosis, illustra-

tion).—Knopf, 1988:301 in part (descrip-

tion, color photograph, distribution, bio-

logical information).—Randall, 1996:344

in part (diagnosis, color photograph).

—

Bohlke & Chaplin, 1993:691 (diagnosis,

key, illustration).—Humann, 1994:326 in

part (diagnosis, color photograph).—Bur-

gess et al., 1994:222 (listed for Cayman
Islands).—Lieske & Myers, 1996:315 in

part (listed, illustration).—Eschmeyer,

1998:1473 (listed, type specimens).

—

Smith-Vaniz et al., 1999: 355 (listed for

Bermuda).

Types.—No type specimens are known to

exist at the Museum fiir Naturkunde in Ber-

lin (Eschmeyer 1998). Since the original

description fits any Atlantic Canthigaster

species, identification of C rostrata is

based on plate 146 of Bloch's (1786) mono-
graph (see "Remarks and distribution").

For this reason, specimen USNM 276209

(74.5 mm SL) from Twin Cays, Belize, a
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Table 3.—Morphometries of examined specimens and neotype of C. rostrata. Values for lines two to six

expressed as % of standard length, and for lines seven to 14 as % of head length.

Neotype
USNM 276209

Range in

values SD n

1—Standard Length (mm) 75.5 29.3-80.1 21

2—Body Depth 33.9 32.2-38.5 1.69 21

3 Body Width 31.1 22.7-32.1 2.73 21

4—Head Length 40.9 36.8-50.3 2.92 21

5—Top of Snout to Dorsal-fin Origin 72.1 70.5-75.5 1.65 21

6—Tip of Snout to Anal-fin Origin 77.2 73.9-81.5 2.39 21

7—Snout Length 76.1 57.4-82.7 7.80 20

8—Eye Diameter 16.5 16.5-34.6 4.87 21

9—Interorbital Width 28.8 18.2-38.5 4.09 21

10—Caudal Peduncle Depth 34.3 27.0^2.7 3.71 20

1 1—Dorsal-fin Base Length 20.7 15.9-23.0 1.91 21

12—Anal-fin Based Length 13.9 11.5-20.9 2.41 21

13—Pectoral-fin Length 28.8 28.8-49.2 4.98 20

\A—Post-orbital Length of Head 22.7 12.2-26.6 4.10 21

site within the original broad type locahty

("east Indies"), is herein designated as the

neotype of Tetrodon rostratus Bloch, 1786.

Material examined (20 specimens).

—

USNM 151979 (1, 70.2 mm SL), Long Bay
(33°37'N, 76°54'W), South Carolina, USA,
R/V Albatross, 10 Feb 1950; USNM
178605 (1, 80.1 mm SL), Bermuda
(32°18'N, 64°46'W), W. Beebe, 1934;

USNM 178696 (1, 61.1 mm SL), same lo-

cality and collector as USNM 178605, 1-

14 Oct 1931; USNM 337750 (2, 64.1-75.0

mm SL), same locality as USNM 178605,

10 m depth, B. B. Collette, 26 Jul 1995;

USNM 318937 (6, 29.4-48.7 mm SL), To-

bago, Saint Giles Islands (11°21'22"N,

60°32'00"W), Tobago, J. T. WilUams, G. D.

Johnson, J. Howe, S. Blum & M. Nizinski,

12 Sep 1990; USNM 318941 (3, 29.3-60.3

mm SL), Pirates Bay (11°19'32"N,

60°32'58"W), Charlotteville, Tobago, J. T.

Williams, J. Howe, M. Nizinski, S. Blum,

T. Munroe, 5 Sep 1990; USNM 318934 (5,

31.4-60.4 mm SL), Charlotteville

(19°08'N, 60°33'W), Tobago, J. T Wil-

liams, 8 Sep 1990; USNM 194010 (1, 63.3

mm SL), Los Roques, Venezuela, R Bot-

tom, 5 Jul 1958.

Diagnosis.—Canthigaster rostrata (Bloch,

1786) is distinguished from all other Atlantic

species by a short upper dark longitudinal

stripe, presence of few spots on flank and

dorsum, and absence of a conspicuous (larger

than eye) spot on the dorsum. The upper dark

longitudinal stripe of C. rostrata extends

from caudal-fin dorsal margin to the vertical

through dorsal-fin base. Although a horizon-

tal line of dark spots extends anterior to the

anterior portion of the horizontal dark stripe

in some specimens, and sometimes even

surpasses the dorsal-fin base, this line of

spots never forms a continuous stripe as it

does in C. figueiredoi, C. jamestyleri and

C capistrata. From the two species that

have shorter upper dark longitudinal stripe,

C. sanctaehelenae and C. jamestyleri, C.

rostrata is also readily distinguished by the

absence of vertically oriented bars on the

caudal fin and by the presence of bars on

the snout (horizontal lines in C. jamestyleri

and absent in C. sanctaehelenae). Finally,

C. rostrata can be distinguished from C. sit-

pramacula by the absence of a conspicuous

spot on the dorsum and by the lower lon-

gitudinal dark stripe, which extends anteri-

orly onto the caudal peduncle and posterior

portion of trunk (restricted to caudal-fin

margin in C. sitpramacula).

Description.—See Table 1 for a sum-

mary of meristic data and Table 3 for mor-

phometries. Dorsal-fin rays 10-11 (1 spec-



VOLUME 115, NUMBER 1 39

imen with 11) (10); anal-fin rays 9; pecto-

ral-fin rays 14-16 (16).

In alcohol (Fig. IB), head and body tan

to light brown, darker on dorsum and paler

ventrally, especially below horizontal

through pectoral-fin base. A few small, in-

conspicuous darker spots sparsely distrib-

uted on dorsum. Some specimens with dif-

fuse darker area slightly anterior and ventral

of dorsal-fin base. Venter conspicuously

spotted. Two conspicuous dark longitudinal

stripes on dorsal and ventral margins of

caudal fin; uppermost stripe extending an-

teriorly to level of dorsal-fin base and lower

extending to level of anal-fin base. Upper
dark longitudinal stripe mostly solid, but

terminating anteriorly as horizontal series

of small spots. Lower stripe solid only on

caudal-fin ventral margin, comprising short

irregular bars on caudal peduncle and pos-

terior portion of trunk. Snout tan, with nu-

merous (3-10) dark bars extending dorsally

to level of nostrils. Dorsal, anal, and pec-

toral fins hyaline; caudal fin hyaline and

pigmented only on dorsal and ventral mar-

gins. Some specimens with three to six

poorly developed lines radiating from eyes,

generally from ventral half of eyes, lines

roughly horizontally oriented.

In life, body color highly contrasted dor-

so-ventrally, yellowish-brown to tan above

upper dark longitudinal stripe and whitish-

brown below that stripe. In addition to

grayish blue horizontal stripes on the snout,

some specimens also bearing two to four

horizontally oriented bars, radiating from
the mouth onto the snout. These bars dis-

appear immediately after preservation.

Scattered spots on body and bars on snout

bluish; iris bright yellow. Spots on sides of

body not as visible as in preserved speci-

mens. Longitudinal stripes black with thick

bright-blue margins. Pectoral fin hyaline;

unpaired fins hyaline, except for blackish

dorsal and ventral caudal-fin margins. The
highly mottled night-time resting pigment

pattern of C. rostrata is significantly differ-

ent than the day-time and preserved pig-

ment pattern described above (see Smith &

Tyler 1972 for illustration of both). How-
ever, this mottled pattern (and other patterns

that can be induced by fright or chemical

injections) is unlike that of any of the day-

time patterns of other species of Canthi-

gaster, and changes to the normal C. ros-

trata day-time pattern when preserved

(Smith & Tyler 1972). Night-time resting

pigmentation pattern is not known from any

of the other Atlantic species.

Remarks and distribution.—Despite the

fact that there are no remaining type spec-

imens, and an inexact type locality ("east

Indies") was given in the original descrip-

tion of C. rostrata, plate 146 in Bloch

(1786) allows the unequivocal establish-

ment of its identity. The illustrated speci-

men has short longitudinal dark stripes on

the caudal fin and side of the body, these

stripes not extending anteriorly beyond the

level of dorsal fin, an exclusive combina-

tion of features of the north-western Atlan-

tic Canthigaster species known as the

sharpnose puffer (Robins et al. 1980). Can-

thigaster rostrata occurs in shallow reefs to

at least 40 m depth, including marginal hab-

itats such as seagrass beds. It ranges from

South Carolina, USA, and Bermuda, south

to Tobago and the Lesser Antilles (Randall

1996, Bohlke & Chaplin 1996). See re-

marks under C. capistrata for comparison

with Indo-Pacific species.

Despite bearing a well-established com-
mon name (Robins et al. 1980), we propose

the amendment Caribbean sharpnose-puffer

to avoid confusion with other Atlantic

sharpnose puffers recognized herein.

Canthigaster capistrata (Lowe, 1839)

Fig. IC, Tables 1, 4

Tetrodon capistratus Lowe, 1839:90 (orig-

inal description, type locality Madeira Is-

land).

Canthigaster rostrata (not of Bloch, 1786).

LeDanois, 1961:317 in part (listed, syn-

onymy).—Tortonese, 1973:647 in part

(listed from the eastern Atlantic and Ma-
caronesia).—Tortonese, 1984:1341 in
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Table 4.—Morphometries of examined specimens of C. capistrata. Values for lines two to six expressed as

% of standard length, and for lines seven to 14 as % of head length.

Range in values SD n

1—Standard Length (mm) 40.0-88.7 14

2—Body Depth 29.7-39.0 2.16 12

3—Body Width 26.0-30.6 1.89 4

4—Head length 35.2-38.6 1.41 4
5—Tip of Snout to Dorsal-fin Origin 69.8-76.7 1.82 14

6—Tip of Snout to Anal-fin Origin 72.5-87.5 3.87 14

7—Snout Length 62.2-69.9 3.35 4

8—Eye Diameter 26.8-32.4 2.44 4
9—Interorbital Width 26.1-27.9 0.75 4
10—Caudal Peduncle Depth 39.0-41.8 1.30 4
11—Dorsal-fin Base Length 22.1-26.9 2.53 4
12—Anal-fin Base Length 18.2-24.0 2.43 4
13—Pectoral-fin Length 36.4-38.9 1.26 3

14—Post-orbital Length of Head 15.0-15.8 0.32 4

part (key, listed from the eastern Atlantic

and Macaronesia).—Dooley et al., 1985:

43 (specimens from Canary Islands, dis-

tribution).—Azevedo & Heemstra, 1995:

7 (specimens from Azores).—Santos et

al., 1997:144 (listed from Azores).—De-

belius, 1997:294 in part (recorded from

Azores, Madeira, Canary and Cape
Verde).—Garcia, 1999:unpaginated (re-

cord for the Mediterranean, color photo-

graph).

Syntypes.—Eschmeyer (1998) cited the

"possibly two" syntypes as "whereabouts

unknown". We recently (2000) searched

the BMNH fish collections and failed to

find any specimens labelled as types.

Material examined (13 specimens).

—

ANSP 103122 (4, 57.5-76.4 mm SL), Ma-
deira Islands (17° 5'N, 33°00'W), 22 Jun

1965; BMNH 1868.5.13:6 (1, 64.0 mm
SL), Funchal, Madeira Islands, R. J. Lowe;

BMNH 1895.7.16:9 (1, 57.1 mm SL), Ma-
deira Islands, J. Y. Johnson; BMNH
1927.11.2:2 (1, 56.4 mm SL), Madeira Is-

lands; BMNH 1953.11.1.582-592 (3 of 10,

55.0-74.5 mm SL), Madeira Islands, D. W.

Tucker. Sep 1953; BMNH 1982.4.27 (1,

72.7 mm SL), Brava Island, Cape Verde

(~15°00'N, 25°00'W), R. Lubbock, A. Ed-

wards and D. Lindsay, 1982; BMNH
1983.10.11.265 (1, 80.2 mm SL), BMNH

1983.10.11.266 (1, 88.7 mm SL), Canary

Islands (28-29°N, 14-1 8°'W), Capt. Tot-

tom.

Diagnosis.—Canthigaster capistrata

(Lowe, 1839) is readily distinguished from

its Atlantic congeners by the following

combination of characters: absence of a

dark stripe extending anteriorly from the

ventral caudal-fin margin onto the caudal

peduncle and/or flank, presence of a hori-

zontal dark stripe extending from the dorsal

caudal-fin margin anteriorly to the pectoral-

fin base, and absence of a conspicuous

(larger than eye) spot slightly ahead and be-

low the dorsal-fin base. From C. jamestyleri

and C sanctaehelenae it is further distin-

guished by the absence of bars on the cau-

dal fin.

Description.—See Table 1 for a sum-

mary of meristic data and Table 4 for mor-

phometries. Dorsal rays 9-10 (9); anal rays

9; pectoral rays 14-16 (15).

In alcohol (Fig. IC), head and body tan,

darker on dorsum and paler ventrally, es-

pecially below horizontal through ventral

margin of orbit. Head and sides of body

spotted except for area above pectoral fins,

interorbital space and dorsal third of snout.

One prominent dark longitudinal stripe ex-

tending from superior margin of caudal pe-

duncle anteriorly to pectoral-fin base. This
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Stripe sometimes embedded with numerous

black spots. Few specimens with spots on

ventral half of caudal peduncle coalescing

to form series of about five irregular stripes.

Caudal fin mostly hyaline with dark dorsal

and ventral margins and a few faded spots

scattered on medial area. Snout tan with

three to five vertically oriented bars extend-

ing dorsally to nostril level. Dorsal, anal,

and pectoral fins hyaline. Three to six lines

radiating from eye, generally from its lower

half, lines oriented approximately horizon-

tally.

In life, body coloration sharply contrast-

ed dorso-ventrally, yellowish-brown to tan

above upper dark longitudinal stripe, paler

ventrally. Body heavily spotted ventral to

upper longitudinal stripe, spots varying

from bluish gray to bright blue. Snout with

bluish gray to bright blue vertically oriented

bars. Pectoral fin and unpaired fins hyaline,

except for dorsal and ventral margins of

caudal fin. Spots on caudal fin bluish gray,

sometimes barely visible. Iris bright yellow.

Remarks and distribution.—Despite the

fact that the original description of C. cap-

istrata fits any Atlantic sharpnose puffer

species, C. capistrata can be readily iden-

tified because all Canthigaster specimens

so far recorded from the Madeira Islands

belong to C. capistrata. This species is

known from the Macaironesian Region (sen-

su Stock 1995, Beyhl et al. 1995) and

sometimes strays into the Mediterranean

Sea. Examined specimens were captured

from localities around the Cape Verde and

Madeira Islands, but C. capistrata has a

much broader distribution within Macaro-

nesia. Debelius (1997:294) provided an un-

derwater color photograph of this species

and recorded it from the Azores and Canary

islands (as C. rostrata). Specimens from the

Canary Islands were also reported by Dool-

ey et al. (1985), as C. rostrata. A fine un-

derwater photograph taken in Tarifa, Spain,

published in a popular diving magazine

(Garcia 1999), also depicts a specimen of

C. capistrata. As mentioned by Garcia

(1999), the Tarifa record represents a stray

individual, because this species is not reg-

ularly sighted in the Mediterranean. A com-

mon name, Macaronesian Sharpnose-puffer

is proposed for the species.

The pigment patterns of the Atlantic spe-

cies C. figueiredoi, C. capistrata and C
rostrata resemble those of the Indo-Pacific

species C. marquesensis Allen & Randall,

1977, C. inframacula Allen & Randall,

1977, C. smithae Allen & Randall, 1977,

and C. rivulata (Temminck & Schlegel,

1850) (see Fig. 1 of the present paper and

figs. 4, 5 and 7 of Allen & Randall 1977),

with which they share the presence of one

or two prominent, solid, longitudinal dark

stripes on the body. From C. marquesensis

and C. inframacula, C. figueiredoi and C.

rostrata differ by having two, instead of

one, dark longitudinal stripes on the flank,

and C. capistrata differs by having dark

dorsal and ventral caudal-fin margins. From
C. smithae these three Atlantic species dif-

fer by the shorter lower dark longitudinal

stripe, which does not surpass a vertical

through the pectoral-fin base. Finally, from

C. rivulata, they differ in lacking a dark

area in front of the gill openings.

Canthigaster jamestyleri, new species

Fig. ID, Tables 1, 5

Holotype.—\]S^M 325810 (1, 82.6 mm
SL), South CaroHna (33°48'N, 76°34'W),

USA, 100 m, South Carolina Marine Re-

sources Research Institute, 14 May 1981.

Paratypes (3 specimens).—GMBL 74—

147 (1, 73.0 mm SL), off South Carolina

(32°06'N, 79°13'W), USA, RA^ Dolphin,

15 Aug 1974; GMBL 78-129 (2, 60.4-85.2

mm SL) off South Carolina (32°45.2'N,

78°29.2'W), USA, RA^ Dolphin, 4 Oct

1979.

Diagnosis.—Canthigaster jamestyleri is

readily distinguished from all Atlantic con-

geners by the absence of dark dorsal and

ventral margins on the caudal fin and the

presence of a small irregular dark spot on

the dorsal-fin-base. It can be further distin-

guished from all Atlantic congeners, except
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Table 5.—Morphometries of type specimens of C. jamestyleri. Values for lines two to six expressed as % of

standard length, and for lines seven to 14 expressed as % of head length.

Holotype
USNM 325810

Range in

values SD n

1—Standard Length (mm) 83.3 60.4-85.2 4

2—Body Depth 35.3 27.9-35.3 3.83 4

3—Body Width 21.8 21.5-24.0 1.09 4

4—Head Length 39.4 35.8-39.4 1.48 4

5—Tip of snout to Dorsal-fin Origin 74.5 70.7-80.8 4.17 4

6—Tip of Snout to Anal-fin Origin 77.2 76.6-78.6 0.84 4

7—Snout Length 55.5 55.5-63.4 3.29 4

8—Eye Diameter 27.7 20.8-27.7 3.29 4
9—Interorbital Width 27.1 23.9-27.1 1.59 4
10—Caudal Peduncle Depth 32.3 30.1-36.0 2.49 4

1 1—Dorsal-fin Base Length 13.1 12.7-17.6 2.66 4
12—Anal-fin Base Length 16.2 10.9-16.2 2.38 4
13—Pectoral-fin Length 36.9 32.9-39.9 3.51 3

14—Post-orbital Length of Head 17.4 17.4-24.6 3.26 4

C. sanctaehelenae, by the presence of bars

on the caudal fin. From the latter, C. ja-

mestyleri can be further distinguished by

the presence of diagonally oriented lines on

the snout, and the presence of two darker

longitudinal stripes on the side of its body.

Description.—See Table 1 for a sum-

mary of meristic data and Table 5 for mor-

phometries. Dorsal-fin rays 9; anal-fin rays

9; pectoral-fin rays 15-16 (16).

In alcohol (Fig. ID), head and body tan,

darker on dorsum and flank, paler ventrally,

especially below horizontal through pecto-

ral-fin base. Body highly striped and spot-

ted, with roundish spots on the dorsum,

flank and ventral region and irregular di-

agonal lines ventral to pectoral-fin base.

Horizontally elongate lines on side of head

and snout. Area between orbits and upper

portion of snout devoid of spots and stripes.

Two prominent dark longitudinal stripes on

body, uppermost extending from dorsal

caudal peduncle margin to dorsal end of

pectoral-fin base, lower stripe extending

from ventral caudal peduncle margin to

pectoral-fin base. Longitudinal stripes not

solid, with numerous embedded irregular

dark spots. Snout tan with three to five con-

spicuous horizontally and irregularly ori-

ented lines extending posteriorly to vertical

through the nostril. All specimens exam-

ined with obvious dark brown lines radiat-

ing from lower portion of eye, sometimes

plus one or two similar stripes below eye.

Dorsal fin transparent with irregular black

spot on the anterior portion of its base, this

spot not extending onto trunk. Anal and

pectoral fins transparent. Caudal fin hyaline,

without pigment on its margins, but with

numerous vertically oriented irregular

brownish stripes. No information available

on life colors.

Remarks and distribution.—Canthigaster

jamestyleri seems to be restricted to deep

(>90 m), most probably hard bottom, for-

mations off the southeastern coast of North

America. We examined material from South

Carolina (see material examined), and Luis

A. Rocha (pers. comm.) informs us of a re-

cent collection of this species from off the

Gulf coast of USA, also in waters deeper

than 100 m. Specimens observed during

submersible dives off North Carolina by

Parker & Ross (1986) probably represent

additional records of this species. Addition-

al collections from deep reefs may show
that this species has a broader distribution

than presently known.

The pigment pattern of Canthigaster ja-

mestyleri resembles that of the Indo Pacific

species C. rivulata, with which it shaies the

presence of two longitudinal dark stripes on
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the flank and numerous lines on the head

plus a highly striped body (see Fig. ID of

the present paper and fig. 5A of Allen &
Randall 1977). However, C. jamestyleri is

distinguished from C. rivulata in having a

spotted instead of reticulated dorsum, as

well as in having well-developed transverse

dark stripes on the snout, overlying a back-

ground devoid of spots.

Etymology.—This species is named for

James C. Tyler for his help and advice to

the authors, as well as for his many contri-

butions to the study of the systematics of

plectognath fishes.

Canthigaster sanctaehelenae (Giinther,

•1870)

Fig. IE, Tables 1, 6

Tetrodon sancta helenae Giinther, 1870:304

(type locality St. Helena Island).—Mel-

hs, 1875:112 (Hsted from St. Helena Is-

land).—Fowler, 1936:1114 (listed from

St. Helena Island).—Cadenat & Marchal,

1963:1304 (listed from St. Helena Is-

land).

Canthigaster sanctaehelenae.—Fraser-Bru-

ner, 1943:15 (Hsted).—Tortonese, 1973:

647 (listed from Ascension and St. He-

lena Islands.—Lubbock 1980:298 (listed

from Ascension Island).—Tortonese,

1984:1341 (diagnosis, key, distribu-

tion).—Edwards & Glass, 1987:669 (di-

agnosis, description).—Debelius, 1997:

293 (brief description, color photograph).

Canthigaster rostrata (not of Bloch,

1786).—Le Danois, 1961:316 (synony-

mized C sanctahelenae with C rostrata

Bloch).

Syntypes (2 specimens).—BMNH 1868.6. 15.22-

24 (95.2-88.8 mm SL) St. Helena Island

(15°58'S, 05°43'W).

Additional material examined (7 speci-

mens, 66.2-88.3 mm SL, all from St. He-

lena Island).—USNM 267871 (1, 77 mm
SL), 15-20 m, A. Edwards & C. Glass, 18

Jun 1983; BMNH 1984.7.16.281 (1, 78.2

mm SL), A. Edwards, 18 Jul 1983; BMNH
1979.1.5.242 (1, 66.2 mm SL); BMNH

1979.1.5.243 (1, 38.2 mm SL); BMNH
1965.12.1.161 (1, 82.7 mm SL), BMNH
1965.12.1.162 (1, 88.3. mm SL), BMNH
1965.12.1.163 (1, 83.8 mm SL), A. Lov-

eridge, 22 Jan 1965.

Diagnosis.—Canthigaster sanctaehelen-

ae (Giinther, 1870) is distinguished from all

Atlantic congeners, with the exception of C.

supramacula, by the absence of longitudi-

nal dark stripes on the side of the body and/

or the caudal peduncle. Canthigaster sanc-

taehelenae can be readily distinguished

from C supramacula by the absence of a

conspicuous dark spot on the dorsum.

Description.—See Table 1 for a sum-

mary of meristic data and Table 6 for mor-

phometries. Dorsal-fin rays 9-10 (9); anal-

fin rays 9 (9); pectoral-fin rays 15-16 (15).

In alcohol (Fig. IE), head and body pre-

dominantly tan, darker onto dorsum, be-

coming paler ventrally, especially below

horizontal through ventral margin of orbit.

Body with numerous small dark spots. Cau-

dal fin translucent with dark ventral and

dorsal margins and bearing numerous dark

bars, sometimes even on its posterior mar-

gin. Snout tan, without bars. Dorsal, pec-

toral and anal fins transparent. Series of

short and approximately horizontal dark

stripes radiating from eye.

In life, upper portion of body light

brown, becoming paler ventrally. Body
spots grayish blue to bright blue. Iris bright

yellow. Pectoral, dorsal, and anal fins hya-

line. Caudal fin dark brown with numerous

conspicuous bright blue spots.

Remarks and distribution.—Le Danois

(1961), in recognizing only four Canthigas-

ter species worldwide, was the only author

to consider C sanctaehelenae as a junior

synonym of C. rostrata, in a clear misin-

terpretation of the variation and distribution

of pigment characters. Canthigaster sanc-

taehelenae, commonly known as the St.

Helena Puffer (Debehus 1992) or bottlefish

(Edwards & Glass 1987), is known only

from St. Helena and Ascension islands

(Lubbock 1981, Edwards & Glass 1987),

on the Mid-Atlantic Ridge. Recorded
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Table 6.—Morphometries of C. sanctaehelenae specimens (including the syntypes). Values for lines two to

six expressed as % of standard length, and for lines seven to 14 as % of head length.

Range SD n

1—Standard Length (mm) 38.2-95.2 9

2—Body Depth 35.3-38.5 1.00 9

3—Body Width 58.0 — 1

A—Head Length 41.3 — 1

5—^Tip of Snout to Dorsal-fin Origin 72.8-77.9 1.66 9

6—^Tip of Snout to Anal-fin Origin 78.5-84.9 2.27 9

7—Snout Length 51.6 — 1

8—Eye Diameter 21.7 — 1

9—Interorbital Width 24.5 — 1

10—Caudal Peduncle Depth 39.9 — 1

1 1—Dorsal-fin Base Length 19.5 — 1

12—Anal-fin Base Length 17.3 — 1

13—Pectoral-fin Length 30.8 — 1

14—Post-orbital Length of Head 24.8 — 1

depths range from tidepools to 45 m (Ed-

wards & Glass, 1987). Debelius (1997:

293) provided a fine underwater color pho-

tograph of this species.

The general pigment pattern of C. sanc-

taehelenae resembles those of the Indo Pa-

cific species C. rapaensis Allen & Randall,

1977 and C. callistema (Ogilby, 1889),

with which it shares the presence of a dark-

ish spotted body over a pale background

(compare Fig. IE of the present paper with

Figs. 4C and 5B of Allen & Randall 1977).

However, C. sanctaehelenae is easily dis-

tinguished from these two Indo-Pacific spe-

cies in lacking a diffuse blackish patch, or

imperfect ocellus, at the base of the dorsal

fin.

Canthigaster supramacula, new species

Fig. IF Table 1

Canthigaster rostrata (not of Bloch,

1786).—Tortonese, 1973: 647 in part

(listed from eastern Atlantic).—Torto-

nese, 1984:1341 in part (key, listed from

eastern Atlantic).—Debelius 1997: 294 in

part (recorded from west Africa).

Holotype.—ANSP 102312 (1, 40.1 mm
SL), off Abidjan (~05°'N, 04°W), Ivory

Coast, 15 Jun 1963.

Additional material examined ( 1 specimen,

poorly preserved).—BMNH 1977.3.21.194

(1, 39.0 mm SL), off Jema (~06°'N, 01°W),

Ghana, 25 m, R. Lubbock, 21 Mar 1977.

Diagnosis.—Canthigaster supramacula

is readily distinguished from all Atlantic

congeners by the presence of a conspicuous

dark spot resembling an ocellus on the dor-

sal portion of the trunk anteroventral to or-

igin of dorsal fin, the dorsal portion of this

spot extending to the dorsal-fin origin. The

spot is about 1.5 times larger than eye in

the holotype and about the same size as the

eye in the other specimen examined. In ad-

dition, C. supramacula lacks conspicuous

dark stripes along the sides of the body,

bearing only two to four irregular lines that

extend from the caudal peduncle to about a

vertical through the dorsal-fin base.

Description.—Dorsal rays 10; anal rays

9; pectoral rays 16 (Table 1). Body depth

37.7% SL, body width 23.4% SL, head

length 39.2% SL, tip of snout to dorsal-fin

origin 71.6% SL, tip of snout to anal-fin

origin 75.8% SL, snout length 56.1% HL,

eye diameter 26.8% HL, least interorbital

width 28.0% HL, least depth of caudal pe-

duncle 31.2% HL, length of dorsal-fin base

19.1% HL, length of anal-fin base 17.2%

HL, pectoral-fin length 42.0% HL, postor-

bital length of head 2 1 .0% HL.
In alcohol (Fig. IF), head and body tan,

darker on dorsum, becoming paler ventral-
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ly, especially below horizontal through pec-

toral-fin base. Body with few and sparse

spots, two to four thick and irregular lines

extending from caudal peduncle to vertical

through dorsal-fin base. A conspicuous spot

situated slightly anterior to and below dor-

sal-fin base, lower portion reaching hori-

zontal through the dorsal margin of pupil,

posterior portion reaching vertical through

dorsal-fin origin. Spot surrounded by one to

two roundish dark lines. Dorsal, pectoral,

and anal fins hyaline. Caudal fin hyaline

with dark margins not extending onto body.

Prominent dark stripes radiating from eye,

extending posteriorly to about the vertical

through pectoral-fin base and anteriorly

onto snout, the longest meeting the vertical

lines at anterior end of snout. No informa-

tion available on life colors.

Remarks and distribution.—Canthigaster

supramacula is known only from off the

Ivory Coast and Ghana, West Africa, along

a coastal range of less than 600 km. It is

the only Canthigaster species recorded

from coastal West African reefs. Additional

sampling along tropical West African coasts

will likely reveal a broader distribution for

this species. Pigment pattern of C. supra-

macula does not resemble that of any Indo-

Pacific species.

Etymology.—The specific name, supra-

macula, refers to the conspicuous ocellus-

like spot on the side of the body, slightly

ventral and anterior to the dorsal-fin base.

The common name of West African sharp-

nose-puffer is proposed.

Comparative Material Examined

Canthigaster. amboinensis, USNM 33739

8 (1, 46.8 mm SL, Vanuatu); C. bennetti,

USNM (1, 69.3 mm, Vanuatu); C. compres-

sa, USNM 345614 (1 of 19, 46.1 mm SL,

Philippines); C. cyanetron, USNM 287594

(1, paratype, Easter Island, 54 mm SL); C.

epilampra, USNM 259463 (1, 57.1 mm SL,

Fiji); C. inframacula, USNM 208483 (1,

holotype, 75.5 mm SL, Hawaii); C. jacta-

tor, USNM 167350 (1, 55.4 mm SL, Gil-

berts Islands); C janthinoptera, USNM
347476 (1, 45.3 mm SL, Vanuatu); C. leo-

parda, USNM 287042 (1, 37.8 mm SL,

Fiji); C. margaritatus, USNM 191686 (3,

51.8-53.7 mm SL, Red Sea); C. marque-

sensis, USNM 208267 (1, 68.5 mm SL,

Marquesas); C. natalensis, USNM 345780

(1, 39.2 mm SL, Mauritius); C ocellicincta,

USNM 348477 (2, 22.6-40.7 mm SL, Va-

nuatu); C. punctatissima USNM 321847 (4,

45.6-49.2 mm SL, Pacific Panama).

Key to the Atlantic Ocean species of

Canthigaster

1

.

A prominent dark spot on dorsum slightly

anterior and ventral to dorsal-fin origin,

this spot larger than eye and surrounded

by irregular curved lines, resembling an

ocellus C. supramacula, n. sp.

(tropical West Africa, off Ghana and

Ivory Coast)

-. No prominent spot on dorsum, although

a darker diffuse area slightly anterior and

ventral to dorsal-fin origin may be pre-

sent, but this darker area inconspicuous,

smaller than eye, and never surrounded

by lines X2
2. Caudal fin with conspicuous superior

and inferior dark margins, at least along

proximal one-third, with or without ver-

tically or nearly vertically oriented dark

bars; no black spot on dorsal-fin base X3
-. Caudal fin without distinctive superior

and inferior dark margins, bearing ver-

tically or nearly vertically oriented dark

bars; a small irregular black spot on dor-

sal-fin base C. jamestyleri, n. sp.

(deep reefs off South Carolina, USA,
and the Gulf of Mexico)

3. No vertically oriented bars on caudal fin;

snout with vertically oriented bars; side

of body or caudal peduncle, or both, with

horizontal dark stripes X4
-. Vertical bars present on caudal fin; no

vertically oriented bars on snout; no hor-

izontal dark stripes on side of body and

caudal peduncle C. sanctaehelenae

(Ascension and St. Helena Islands)

4. One or two conspicuous horizontal dark

stripes on flank, caudal peduncle, or
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both; lower one, when present, extending

from caudal-fin margin to anal-fin base

X5
-. Two conspicuous horizontal dark stripes

on flank, lower one composed of irreg-

ular bars and stripes and extending from

inferior margin of caudal peduncle to

pectoral-fin base C. figueiredoi, n. sp.

(east coast of South America, including

the southern Caribbean)

5. Upper horizontal stripe extending from

superior margin of caudal fin to pectoral-

fin base; dorsum with numerous spots C.

capistrata

(Macaronesia and Mediterranean)

-. Upper horizontal stripe extending maxi-

mally from superior margin of caudal fin

to vertical through origin of dorsal fin,

generally restricted to caudal peduncle;

dorsum without spots C. rostrata

(shallow reefs off southern USA, Gulf of

Mexico, Bermuda and the Caribbean)

Discussion

In the western Atlantic there are at least

three sharpnose puffer species: C rostrata,

occurring from South Carolina and Ber-

muda throughout the Caribbean, C figuei-

redoi, occurring from Tobago and Venezue-

la south to southern Brazil, and C. james-

tyleri, a deep-dwelling species known from

deep reefs off South Carolina and the coast

of the Gulf of Mexico. Throughout their

ranges, only C. rostrata and C. figueiredoi

occur syntopically, in the southern Carib-

bean, a peripheral area in the geographic

ranges of both species.

In the eastern Atlantic, at least two sharp-

nose puffers species occur: C. capistrata,

distributed in the Macaronesian Region

(sensu Stock 1995, Beyhl et al. 1995) and

sometimes straying into the Mediterranean

(Garcia 1999), and C. supramacula, appar-

ently restricted to coastal regions off tropi-

cal West Africa. The sixth Atlantic species,

C. sanctaehelenae, is restricted to the mid-

Atlantic islands of Ascension and St. He-

lena, contributing to the high endemism
levels recorded for these areas (e.g., Lub-

bock 1980, Edwards & Glass 1987). No

sharpnose puffers are known from St Paul's

Rocks (Lubbock and Edwards 1981), the

most probable "stepping stone" for East to

West dispersion of Pan-Atlantic reef fishes

(see Heiser et al. 2000).

With the exception of C. sanctaehelenae,

all Atlantic sharpnose pufferfish species

recognized herein have been misidentified

as the northwestern Atlantic species C. ros-

trata. The widespread assumption of a sin-

gle widely distributed species of Canthi-

gaster occuring in the Atlantic (e.g., Nelson

1994) probably precluded previous critical

examination of its status. However, recent

recognition of a number of shallow-water

reef fishes endemic to the southwestern At-

lantic (e.g., Moura 1995, Sazima et al.

1997, 1998, Rocha & Rosa 1999, Moura et

al. 1999, 2001, Heiser et al. 2001) led us to

investigate the status of the putative C. ros-

trata from the southwestern Atlantic. Our
recognition of a distinct and undescribed

species from that area led us to the study

of comparative material from throughout

the entire geographic range of "C. rostra-

ta'', leading to the recognition of six Can-

thigaster species in the Atlantic Ocean.

Considering the obvious morphological

and/or pigment pattern differences occur-

ring among Atlantic sharpnose puffers, as

well as among other complexes of species

that until recently were considered to con-

tain single widespread species (e.g., Heiser

et al. 2000, Moura et al. 2001), it would not

be surprising if critical taxonomic appraisal

would lead to the recognition of a number

of additional species in what are now con-

sidered to be widely distributed Atlantic

reef species (e.g., the multi-patterned po-

macentrid Chromis multilineata, the labri-

somid Labrisomus nuchipinnis). Such
wide-ranging reef and shore fish "species"

must be more critically examined, using not

only traditional taxonomic features, but also

additional characters derived from under-

water observations such as live coloration,

life history and behavior, as well as data

from molecular studies (see Gill 1997, Gill
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& Kemp 2001, Bowen et al. 2001, Muss et

al. 2001).

The phylogenetic interrelationships of

Canthigaster species are unknown, preclud-

ing the proposal of a hypothesis regarding

the historical biogeography of the group.

The assumption that the Caribbean and Bra-

zil are sister areas (Floeter & Gasparini

1999) must be confirmed with congruent

cladograms for various unrelated reef fish

lineages before it can become a meaningful

and falsifiable scientific hypothesis (Hum-
phries & Parenti 1986).
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A new species of marsupiate Antarctic echinoid: Amphipneustes
davidi (Echinodermata: Spatangoida: Schizasteridae)

Celine Madon-Senez

Centre des Sciences de la Terre, UMR CNRS 5561, 6 bid Gabriel, 21000 Dijon, France

Abstract.—The Recent brooding species of the genus Amphipneustes (Schi-

zasteridae) live in the subantarctic and antarctic regions. A new brooding spe-

cies, Amphipneustes davidi, differs from its congeners in three ways: the per-

iproct, located at the ambital posterior region of the test, is conspicuous from

the apical side; the posterior ambulacral avenues of the oral side are strongly

directed laterally; peculiar huge bidentate pedicellariae show an unsual spatu-

late shape.

Resume.—Les especes incubantes actuelles du genre Amphipneustes (Schi-

zasteridae) sont endemiques aux regions antarctique et subantarctique. Une
nouvelle espece marsupiale, Amphipneustes davidi, se distingue des autres es-

peces du genre par trois caracteres: le periprocte, en position ambitale, est

visible en vue apicale; face orale, les ambulacres posterieurs s'ecartent de I'axe

de symetrie antero-posterieur, pour se diriger vers les regions laterales de

I'oursin; des pedicellaires bidentes presentent une forme spatulee inhabituelle

chez les Schizasteridae incubants.

The genus Amphipneustes has a subant-

arctic and antarctic distribution (Pawson

1969). In addition to the type species Am-
phipneustes lorioli Koehler, 1901, nine spe-

cies have been described: A. koehleri Mor-
tensen, 1905, A. mortenseni Koehler, 1912,

A. rostratus (Koehler, 1926), A. tumescens

(Koehler, 1926), A. marsupialis (Koehler,

1926), A. brevistemalis (Koehler, 1926), A.

similis Mortensen, 1936, A. bifidus, Mor-
tensen, 1950 and A. mironovi Markov,

1991. Eleven specimens dredged during the

1959-1960 and 1964-1965 Belgian and

Dutch Antarctic Expeditions share the char-

acteristics of the genus Amphipneustes but

differ from the previously known species in

several ways.

Materials and Methods

The materiel was collected during the

1959-1960 and 1964-1965 Belgian and
Dutch Expeditions in Antarctic (Enderby

quadrant). The specimens are housed in the

Collection of the Museum National

d'Histoire Naturelle (MNHN) of Paris,

France. Classification follows Fischer

(1966) and nomenclature abides by Loven's

law (1874). Drawings were done with a

camera lucida.

Systematics

Order Spatangoida Claus, 1876

Family Schizasteridae Lambert, 1905

Genus Amphipneustes Koehler, 1900

Species of the genus Amphipneustes
share a comparable morphology: the outline

is ovoid, with circular or attenuated poste-

rior end. The profile is rounded or conical.

In females, the petals are transformed into

brooding pouches in which the embryos de-

velop into juveniles. The adult specimens

totally lack fascioles (Mortensen 1951).

The periproct is located on a small posterior

surface vertically or obliquely truncated to-

ward the oral side, so that it is invisible

from the apical side. Different types of ped-
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1 cm 1 cm

1 cm 1 cm
Fig. 1. Holotype MNHN EcEh 9362. A. Oral side; B. Apical side; C. Posterior view; D. Lateral view.

icellariae exist in the genus: dentate, ros-

trate and globiferous forms are frequently

encountered.

Amphipneustes davidi, new species

Figs. 1-3

Holotype.—MNUN EcEh 9362, female,

Sta. 223, 1964-1965 expedition. Glacier

Bay (70°13'2"S, 23°55'1"E), 207 m.

Paratypes.—MNHN EcEh 9363. 1 fe-

male, and MNHN EcEh 9364, 1 male.

(from 70°19'S, 24°12'E to 70°17'S,

24°06'E), 1959-1960 exp.. Iris Mission;

MNHN EcEh 9365-67, 3 males, Sta. 223

(70°13'2"S, 23°55'1"E), MNHN EcEh 9368,

1 female, Sta. 219 (70°18'5"S, 23°58'0"E)

and MNHN EcEh 9369, 1 female, Sta. 223

(70°13'2"S, 23°55'1"E), 1964-1965 exp..

Glacier Bay, 216 and 207 m.

Additional material examined.—MNHN
EcEh 9370-72, 3 broken males, Sta. 223,

1964-1965 expedition. Glacier Bay, 207 m.

Etymology.—The new species is named
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Fig. 2. Bidentate pedicellariae. A. Head with two jaws; B. Single jaw.

after my Ph.D. supervisor Dr. Bruno David

(Dijon, France).

Diagnosis.—Test elongated, of medium
size (from 32.6 to 56.4 mm), attenuated

posteriorly and subcircular anteriorly. Peri-

proct on the obliquely truncated posterior

region, visible from the apical side. Trian-

gular shape of the sternal plates strongly re-

lated to the unusual lateral direction of the

oral posterior ambulacral avenues. Large

bidentate pedicellaria with peculiar spatu-

late heads superficially resemble duck's

beaks.

Description of holotype.—Female, total

length 56.4 mm and total width 46.7 mm
(Fig. 1). Test low (22.5 mm), cleaned on

the right region, and covered by spines and

pedicellariae on the left region. Anterior

part of the test without notch in ambula-

crum III; V-shaped posteriorly. Subcentral

ethmolytic apical system with 3 genital

pores (in ambulacra I, III and IV). Petals

depressed into brooding marsupia, contain-

ing about 10 juveniles at different stages of

development. Posterior region of the test

truncated toward the apical side; periproct

situated in the lower part of this region.

Large reniform peristome in the anterior re-

gion of the test; partially covered by a

prominent labrum which reaches the 4"^ ad-

jacent ambulacral plates. Triangular sternal

plates; ambulacra I and V directed towards

the lateral sides of the test. Primary tuber-

cles scattered on the apical side, but close

together in the ambital region, on the ster-

nal plates and near the periproct.

Unusual bidentate pedicellariae (Fig. 2)

scattered over the apical side (near and in-

side the brooding pouches), the oral side (I

and V ambulacra and around the peristome)

and the ambitus; no neck or reduced neck

(length equivalent to Vi length of the jaw);

length of the blade equal to the length of

the basal part of the jaw; minute apophysis

in the basal part of the jaw. Small rostrate

pedicellariae (Campbell & Jensen 1993)

with 2 jaws and reduced neck. Globiferous

and tridentate pedicellariae were not found.

Description of paratypes.—Test flat-

tened, posteriorly V-shape (Fig. 3). Female
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Fig. 3. Photographs of tests. A. Apical side of a female (MNHN EcEh 9368) with juveniles; B. Oral side

of a young male specimen (MNHN EcEh 9366); C. Apical side of a young male specimen (MNHN EcEh 9365);

D and E. Apical and posterior views of a young specimen (MNHN EcEh 9367).

(MNHN EcEh 9368) with a total sum of 16

juveniles (flush with the test) and a few

yolky eggs (at the bottom of the brooding

pouches) distributed in ambulacra I, II, IV

and V. Male (MNHN EcEh 9366) with pos-

terior surface almost vertically truncated;

periproct invisible from the oral side.

Description of additional material.—
Three broken males with both bidentate

pedicellariae and rostrate pedicellariae with

2 jaws. Laige primary spines (TL: 8 mm).
Distribution.—Antarctica, Glacier Bay,

in depths ca. 207-216 m (Capart & Closset

1964).
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Discussion

These specimens, dredged during Bel-

gian and Dutch Antarctic expeditions, re-

mained unknown for 30 years in the Mu-
seum National d'Histoire Naturelle of Paris,

France. The three main characteristics (po-

sition of the periproct, peculiar bidentate

pedicellariae and direction of ambulacra I

and V) are sufficiently unusual to support

the erection of a new species.

Two morphological features led to some
confusion with the antarctic brooding spe-

cies Brachysternaster chesheri (Larrain,

1985). The two species are highly charac-

teristic in the weakness of the oral side,

which is somewhat concave and frequently

broken; the posterior ambulacral avenues

are strongly directed towards the lateral re-

gion of the test, so that the shape of the

sternal plates is triangular. The species dif-

fer in the architecture of the plastron -dis-

continuous within Brachysternaster (Lar-

rain, 1985) and continuous within Amphip-
neustes (Mortensen, 1951, Madon-Senez,

1999) and the position of the periproct, su-

pramarginal to marginal within A. davidi,

marginal to inframarginal within the genus

Amphipneustes (Koehler, 1926) and strictly

inframarginal within Brachysternaster

chesheri (Larrain, 1985).

The huge bidentate pedicellariae, visible

to the naked eye, are unknown among other

brooding genera of Schizasteridae. The
shape and the size of their jaws (TL: 1 mm)
are highly characteristic.
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Account of Ophionereis diabloensis, a new species of brittle star, and
of O. amphilogus, with information on their brooding reproduction

and distribution (Echinodermata: Ophiuroidea: Ophionereididae)

Gordon Hendler

Natural History Museum of Los Angeles County, 900 Exposition Boulevard, Los Angeles,

California 90007, U.S.A.

Abstract.—The present report on Ophionereis diabloensis, new species, and

Ophionereis (= Ophiodesmus) amphilogus, doubles the number of Ophionereis

species known from California waters and the number of brooding species

known in the genus Ophionereis. Ophionereis diabloensis reaches at least 6

mm in disk diameter, with arms 17 mm in length. It is similar in appearance

to O. amphilogus but for its more irregularly arranged and exposed disk scales,

more robust arms and thick, truncate arm spines, larger accessory dorsal arm

plates, and distinctively shaped oral shields. The description of O. diabloensis

is based on material from Diablo Cove, California, the only locality where the

species is preserifly found. Evidence is presented, however, that individuals of

O. diabloensis, mistakenly identified as Ophionereis eurybrachiplax, formerly

occurred at Pacific Grove, California. Ophionereis amphilogus is reported from

the Baja California coast and from the California Channel Islands, extending

the known range of the species by approximately 800 km. Most specimens of

O. amphilogus, and many of O. diabloensis were brooding embryos. Individ-

uals of O. diabloensis contained up to 8 embryos, at different stages of de-

velopment and had no more than one embryo per bursa. The largest embryos,

1.4 mm disk diameter, with approximately 15 arm joints, were similar in size

to the smallest free-living individuals collected in the field. Both species are

slow moving. Ophionereis diabloensis lives in algal turf in the intertidal zone,

and may be locally abundant, with a population density estimated at 20/m-.

Ophionereis amphilogus is found subtidally in kelp holdfasts. That two of the

four Californian species of Ophionereis have been overlooked and are so little

known, is illustrative of the general lack of study and of rigorous, systematic

surveys of Eastern Pacific echinoderms.

In 1996, while attempting to determine Tcbllected similar specimens at the site and

the geographic range of Amphiodia akos- acquired additional material from biologists

mos Hendler & Bundrick, 2001, I sought at the power plant. They represent an un-

access to the coastline adjacent to Diablo described species which, although distinc-

Canyon Power Plant, a nuclear generating tive, strongly resembles Ophiodesmus am-
station midway between Los Angeles and philogus Ziesenhenne, 1940.

San Francisco. Eventually I was permitted Prior to the present study, the only spec-

to examine specimens of several ophiuroids imens of O. amphilogus that had been re-

that had been collected from the buffer zone ported were the three dredged in 1934, at

around the plant, and found among them a Cedros Island, off the western coast of Baja

small Ophionereis species that is a subject California, Mexico. Ziesenhenne (1940) as-

of the present report. In the following years, signed them to a new genus, Ophiodesmus,
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believing that they resembled both Ophi-

onereis (Ophionereididae) and Ophiactis

(Ophiactidae) species. He formed the name
Ophiodesmus by combining the Greek for

"serpent" (ophis) used in both generic

names with the Greek for "bond" {des-

mos), intending to reflect a linkage between

the two families, and chose the epithet am-

philogus apropos of the "doubtful posi-

tion" of the species. However, he placed it

in the family Ophiochitonidae, to which

Ophionereis was at that time assigned.

My initial impression that the specimens

from Diablo Cove were of an Ophionereis

species was confirmed by A. M. Clark's

(1953) review of the genus. She considered,

but rejected, inclusion of O. amphilogus in

a possible "subgenus Ophiodesmus'' with

several other ophionereidid species that re-

tain seemingly juvenile features in the adult

growth stage. A. M. Clark (1953) disre-

garded Ophiodesmus degeneri A. H. Clark,

1949, the only other described species of

the genus, and A. M. Clark & Rowe (1971)

simply treated it as a species of Ophionereis

without reference to its original generic

name. It seems clear that nominal Ophio-

desmus species lack features distinguishing

them from Ophionereis species. Therefore,

A. M. Clark's decision to merge Ophiodes-

mus with Ophionereis is adopted here.

Consideration of the type specimens of

O. amphilogus coupled with study of indi-

viduals from the Channel Islands, con-

firmed that the species occurs in California

waters and is not restricted to the Mexican

type locality. Furthermore, examination of

individuals of O. amphilogus and the new
Ophionereis species described herein con-

firm that both brood their young. Those

matters are covered below, along with a

consideration of the range of the species

and unpublished records that suggest that,

at least in the past, the new species occurred

on the Monterey Peninsula.

Materials and Methods

In this publication, the customary meth-

odology and terminology used for ophiu-

roids are employed (Hendler et al. 1995).

The diameter of the disk (dd), a standard

indicator of body size, was measured from

the outer edge of the radial shields to the

opposite edge of the disk. The length of the

arm (AL) was measured for the longest arm

of an individual, from the edge of the disk

to the arm tip.

Observations and measurements were

made with a stereomicroscope, using a cal-

ibrated ocular micrometer. Scanning elec-

tron microscopic (SEM) examination was

made using a Cambridge Stereoscan 360.

Specimens were treated briefly with dilute

sodium hypochlorite solution (bleach) to re-

move soft tissue, washed in water and eth-

anol, dried, sputter-coated with gold, and

viewed at 10 KV.

Specimens were surveyed for evidence

of embryos by examining their open bursal

slits, without dissection. The estimated in-

cidence of brooding based on superficial in-

spection is conservative, because in many
cases the contents of the bursae were not

visible. All specimens studied, except as

noted below, are deposited in the echino-

derm collection of the Natural History Mu-
seum of Los Angeles County (LACM).

Individuals of the new species, O. dia-

bloensis, were collected in the vicinity of

Diablo Cove, California (Fig. 1). Many
specimens were obtained in the course of a

multi-year, algal-faunal association study,

and were extracted from 0.01 m-^ patches of

Gastroclonium subarticulatum (Turner)

Kiitzing that were scraped from rock sub-

strate exposed at low tide, then bagged in

the field and preserved in 70% ethanol

within several hours (J. Tupen, pers.

comm.). Others were collected from Cen-

troceras clavulatum (C. A. Agardh) Mon-
tagne and similarly preserved, and a few

specimens were extracted from a mixture of

various algae and anesthetized in isotonic

MgCL before preservation.

Individuals of O. amphilogus that were

collected in the vicinity of Catalina Island

were removed from the holdfasts of Macro-

cystis pyrifera (Linnaeus) C. A. Agaidh,
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and Eisenia arborea Areschoug. Using scu-

ba, the subtidal holdfasts were pried from

the substrate with hammer and crowbar af-

ter removing the stipe, and sealed in plastic

bags. Animals removed from the holdfasts

in the lab were preserved in 5% formalin

(Sherlock 1995). Individuals of O. amphil-

ogus from Santa Barbara and San Nicolas

islands were anesthetized and preserved in

ethanol, following removal from M. pyri-

fera holdfasts that had been collected sub-

tidally using scuba. Collecting data are

lacking for the single specimen from Bahia

Tortugas, Mexico, save that it was associ-

ated with an algal holdfast (Fig. 1).

Systematic Account

Family Ophionereididae Ljungman, 1867

Genus Ophionereis Liitken, 1859

Ophionereis diabloensis, new species

Figs. 2A-C, 3A-D, 4, 5A, B, 6A-C

[?] Ophionereis species.—May, 1924, 299-

300, fig. 16.

Ophionereis eurybrachiplax [not H. L.

Clark, 1911].—Weesner, 1954: 290-291

[in part?].—Sutton, 1975: 630, 633 [in

part?].

Material examined.—Unless otherwise

stated all specimens are preserved in alco-

hol, and were collected by J. Tupen and M.
Behrens at approximately to + 1 ft MLLW
in the intertidal, on the southern shore of

Diablo Cove (35°12'32"N, 120°51'22"W),

which is about 12 km NW of Point San

Luis, California. Series of stations listed be-

low are followed by collecting date.

Holotype.—Off Diablo Canyon., Califor-

nia: LACM 1999-29.20, (1 spec, dry).

Coll: M. Behrens & R. Moran, 35°12'44"N,

120°51'28"W, 5 Oct 1999.

Paratypes.—Off Diablo Canyon., Cali-

fornia: LACM 1992-195.1, (1 spec), Sta.

AFAS 33752; LACM 1992-196.1, (3), Sta.

AFAS 33753; LACM 1992-197.1, (3), Sta.

AFAS 33755; LACM 1992-198.1, (1), Sta.

AFAS 33758, 12 Nov 1992; LACM 1992-

Fig. 1. Chart of Baja California, Mexico and the

California coast showing the distribution of Ophioner-

eis diabloensis n. sp. (circles) and Ophionereis am-

philogus (squares). Ophionereis diabloensis is found

intertidally at Diablo Cove, California (35° 1 2.53 'N,

120°51.36'W) and, early in the last century, probably

occurred in the intertidal at Pacific Grove, California

(36°37.7'N, 12r56.20'W). Ophionereis amphilogus is

known from Cedros Island, Mexico (28°80.4'N,

115°10.21'W, 18-27 m), Bahia Tortugas, Mexico

(27°41'N, 114°53'W, depth unknown), Santa Catalina

Island, California (33°28.0'N, 118°29.0'W, 5-10 m),

San Nicolas Island, California (33°15.736'N,

1 19°27.719'W, 1 1.3 m), and Santa Barbara Island, Cal-

ifornia (33°29.210'N, 119°01.657'W, 14.0 m).

208.2, (2), Sta. AFAS 33654, 31 Jul 1992;

LACM 1993-176.1, (1), Sta. AFAS 33956,

7 May 1993; LACM 1993-178.1, (1), Sta.

AFAS 34053; LACM 1993-179.1, (1), Sta.

AFAS 34054; LACM 1993-180.1, (4), Sta.

AFAS 34058, 18 Aug 1993; LACM 1993-

181.1, (1), Sta. AFAS 34155, 12 Nov 1993;

LACM 1993-182.1, (2), Sta. AFAS 34157,

12 Nov 1993; LACM 1993-183.1, (4), Sta.

AFAS 34158; LACM 1993-184.1, (5), Sta.

AFAS 34154, 12 Nov 1993; LACM 1994-

146.1, (1), Sta. AFAS 34253; LACM 1994-

147.1, (1), Sta. AFAS 34254, 10 Feb 1994;

LACM 1994-148.1, (2), Sta. AFAS 34354,

27 May 1994; LACM 1994-149.1, (7), Sta.

AFAS 34251, 10 Feb 1994; LACM 1994-

158.2, (1), Sta. AFAS 34553; LACM 1994-

160.1, (1), Sta. AFAS 34551, 15 Nov 1994;

LACM 1994-161.1, (1), Sta. AFAS 34557,
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15 Nov 1994; LACM 1995-166.1, (3), Sta.

AFAS 34651; LACM 1995-167.1, (1), Sta.

AFAS 34652, 25 Feb 1995; LACM 1995-

168.1, (5), Sta. AFAS 34656, 25 Feb 1995;

LACM 1995-169.1, (4), Sta. AFAS 34657,

25 Feb 1995; LACM 1995-169.3, (1), Sta.

AFAS 34657, 25 Feb 1995; LACM 1995-

169.4, (1), Sta. AFAS 34657, 25 Feb 1995;

LACM 1995-170.1, (6), Sta. AFAS 34658,

25 Feb 1995; LACM 1997-41.14, (3), Sta.

GH site 1, Coll: G. Hendler et al., -1 ft

MLLW, 22 Jun 1997; LACM 1999-29.1,

(1); LACM 1999-29.2, (4); LACM 1999-

29.3, (13); LACM 1999-29.4, (1); LACM
1999-29.5, (1); LACM 1999-29.6, (1);

LACM 1999-29.7, (11); LACM 1999-29.8,

(5); LACM 1999-29.9, (6); LACM 1999-

29.11, (3); LACM 1999-29.12, (1, dry),

LACM 1999-29.14, (1); LACM 1999-

29.15, (1); LACM 1999-29.16, (1); LACM
1999-29.17, (1); LACM 1999-29.18, (1);

LACM 1999-29.19, (1); Coll: M. Behrens &
R. Moran, 35°12'44"N, 120°51'28'W, 5 Oct

1999; LACM 1993-177.1, (1), Sta. AFAS
34013, Field's Cove, 35°12'56"N, 120°51'

30"W, 18 Aug 1993; LACM 1997-42.10, (2),

Sta. GH site 2, Coll: G. Hendler et al.. Field's

Cove, 35°12'56"N, 120°51'30"W, -1 ft

MLLW, 22 Jun 1997.

In addition, the following specimens of

Ophionereis amphilogus:

Type material.—Cedros Is., Mexico:
LACM 1934-161.014, holotype (1 spec,

dry), LACM 1934-161.013, paratype (2,

dry). All types from RA^ Velero III, Sta.

287-34, 28°4.80'N, 115°21.10'W, 18-27 m,

10 Mar 1934.

Non-type material.—Bahia Tortugas,

Baja California, Mexico: SIO E1934, (1),

Stipe holdfast #33, ca. 27°41'N, 114°53'W,

20 Nov 1959. Santa Catalina Is., California:

LACM 1993-125.2, (2), Sta. RS 93-8, Coll:

R. Sherlock, Empire Landing, NW of Long
Pt., 5-7 m, 18 Aug 1993; LACM 1993-

1 17.2, (1), Sta. RS 93-3, Coll: R. Sherlock,

Guano Rock, SE of Long Pt., 7-8 m, 3 Jul

1993; LACM 1993-116.2, (1), Sta. RS 93-

5, Coll: R. Sherlock, Italian Gardens 11, NW
of Long Pt., 6-10 m, 30 Jun 1993; LACM

1993-121.2, (2), Sta. RS 93-5, Coll: R.

Sherlock, Italian Gardens II, NW of Long
Pt., 5-7 m, 19 Aug 1993. San Nicolas Is.,

California: LACM 1999-88.1, (1), Sta. CI-

99-4, Coll: G. Hendler et al., NE side of

island near navigational light, 11.2 m,
33°15.736'N, 119°27.719'W, 11 Sep 1999.

Santa Barbara Is., California: LACM 1999-

87.1, (1); LACM 1999-87.2 (1); Sta. CI-99-

2, Coll: G. Hendler et al.. Arch Point, 14.0

m, 33°29.210'N, 119°01.657'W, 10 Sep

1999.

Diagnosis.—Small, brooding species

with arm length:disk diameter ratio less

than 4. Disk scale-covered, lacking primary

rosette. Disk scales conspicuous, rounded,

some completely exposed, others partially

surrounded by small imbricating scales.

Large, exposed, dorsal interradial disk

scales wider than long, irregularly arranged;

medial series of scales neither narrow nor

compacted. Radial shields small; distance

between paired shields slightly more than

their length. Three to four oral papillae and

one tentacle scale on each side of jaw. Dor-

sal arm plates subhexagonal, overlapping.

Largest arm plates and spines on fourth to

sixth joint beyond disk edge, beyond which

arms taper considerably. One pair of con-

spicuous accessory dorsal arm plates flank-

ing each dorsal arm plate on proximal

three-quarters of arm; approximately one-

sixth to one-fifth size of dorsal arm plate on

basal joints. Ventral arms plates subocta-

gonal, with deep medial constriction, con-

spicuously expanded distal lobe; width of

plate generally exceeding length, even at

midpoint of arm. Lateral arm plates con-

stricted proximally, with prominent, flaring

spine ridge. Three thick, somewhat com-
pressed arm spines, with truncate distal tips;

dorsal spines near disk longest, largest. Ten-

tacle scales single, large, ovoid, length

equaling one-half that of associated venti-al

arm plate. In life, inegular, radial patches

or swirls of brown, greenish brown, pale

green, and cream on disk; bands of similai^

colors on arms; ventral interradii lack



VOLUME 115, NUMBER 1 61

patches of dark pigmentation immediately

distal to oral shield.

Description.—Disk diameter range 1.3-

5.8 mm (holotype 5.1 mm); Arm length

range 2.5-16.9 mm (holotype 14.2 mm);

AL:dd ratio range 1.4-3.5 (holotype 2.8).

Disk nearly circular, slightly inflated; arms

gradually tapering beyond fourth joint.

Disk covered by numerous, conspicuous,

rounded, unequal imbricating scales (Figs.

2B, 3A, 4). Larger scales separated to vary-

ing degrees by irregularly arranged smaller

scales; some large scales free of overlap-

ping scales. Large, exposed dorsal interra-

dial disk scales wider than long, irregularly

arranged; medial series not crowded, com-

pacted. Rosette of primary plates lacking.

Radial shields small, approximately

twice as long as wide; length approximately

one-ninth of disk diameter; central area

slightly raised, ovoid in outline. Pairs of

shields separated by slightly more than their

length, surrounded by scales of varied sizes.

Jaws protruding slightly beyond adoral

shield. Three to four oral papillae on each

side of jaw, close-set, somewhat dorso-ven-

trally compressed (Fig. 2C). Outermost pa-

pilla largest, broadest, flattest, with free

margin broadly rounded; inner three papil-

lae narrow, longer than broad, bluntly

pointed. Rarely, unpaired oral papilla at tip

of jaw. Tentacle scale of second oral ten-

tacle with bevelled apical edge; arising

from adoral shield, distal to outermost oral

papilla. Tentacle scale of first oral tentacle

set high on jaw in oral slit, rudimentary in

specimens approximately 2 mm dd, fully

developed in most specimens ^3 mm dd.

Teeth four in number, broad, of equal

length, wedge-shaped in sagittal section,

apex convex or notched, surface of cutting

edge composed of imperforate stereom.

Oral shields quadrangular, approximately

as long as broad, inner edges longer than

outer edges; inner apex of the shield trun-

cate (Figs. 2C, 3B). Adoral shields trian-

gular, widest distally, narrowing proximal-

ly, somewhat separated; radial edge slightly

concave; radial corner rounded, lobate, par-

tially overlapping first ventral arm plate.

Ventral interradii covered with unequal

imbricating scales; medial scales largest,

those beside genital slit smaller, more close-

ly crowded (Fig. 2C). Genital slit short,

equal in length to two arm segments. Rarely

1-2 granules (genital papillae) on genital

slit edge.

Arms considerably tapering, wider than

high in cross section, dorsal and ventral sur-

faces somewhat convex; widest portion

with longest arm spines and largest plates

includes fourth to sixth joints beyond edge

of disk, terminal joints dorso-ventrally

compressed (Figs. 2, 5A, B). Arm plates

granular due to shape of microscopic, pro-

truding, expanded peripheral trabeculae of

stereom; dorsal arm plates somewhat less

granulose than lateral and ventral plates.

Dorsal arm plates subhexagonal, with

medial section widest, distal edge convex

(Figs. 2B, 3C). First two plates smaller than

succeeding plates, wider than long, with

convex distal margin. Basal plates slightly

wider than long; distal plates subtriangular,

with rounded distal edge, length equal to

width. Plates overlapping at base of arm,

separated by lateral arm plates on outer

one-fifth of arm.

Lateral arm plates wider than long, con-

stricted proximally, with prominent, pro-

truding spine ridge, (Figs. 2B, C, 3C, D).

Arm spines three in number on each plate,

subequal, thick, broad, proximo-distally

compressed, with truncate distal tip; upper-

most spine heaviest. Spines approximately

as long as basal arm segments, gradually

diminishing in relative length distally, ap-

proximately one-third the length of a seg-

ment near the arm tip.

Accessory dorsal arm plates conspicu-

ous, subtriangular, approximately one-half

length and one-sixth to one-fifth size of ex-

posed portion of dorsal arm plate on prox-

imal joints, diminishing in size toward tip

of arm (Figs. 2B, 3C). In small specimens,

only one basal arm joint bears accessory

arm plates; in large specimens, up to 30
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Fig. 2. Ophionereis diabloensis. new species and Ophionereis ainphilogus. A-C, Ophionereis diabloensis.

5.1 mm dd, holotype, LACM 1999-29.20: A, entire specimen in dorsal view; B, detail of disk, dorsal view; C,

detail of disk, ventral view. D-F, Ophionereis ainphilogus, 4.4 mm dd, holotype, LACM 1934-161.14: D, entire

specimen in dorsal view; E, detail of disk, dorsal view; F, detail of disk, ventral view.
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Fig. 3. Ophionereis diabloensis, new species and Ophionereis amphilogus. A—D, Ophionerels diabloensis,

5.23 mm dd, LACM 1999-29.19: A, Dorsal view of a portion of the disk including two pairs of radial shields,

showing the size and pattern of the scales; B, oral shield with truncate apex; C, fifth arm joint from the edge

of the disk in dorsal view showing the shapes of the dorsal arm plate, relatively large accessory dorsal arm

plate, and truncate arm spines D, fifth arm joint in ventral view showing the shape of the ventral arm plates.

E-H, Ophionereis amphilogus, 5.43 mm dd, LACM 1999-87.2: E, Dorsal view of a portion of the disk including

two pairs of radial shields, showing the size and pattern of the scales; F, oral shield with rounded apex; G, fifth

arm joint from the edge of the disk in dorsal view showing the shapes of the dorsal arm plate, small accessory

dorsal arm plates, and arm spines with bluntly rounded tips; H, fifth arm joint in ventral view showing the shape

of the ventral arm plate. Scale: L 0.5 mm for A, E; J, 0.5 mm for B-D, F-H.
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joints (proximal three-quarters of arm) bear

accessory plates.

Tentacle scales ovoid, longer than wide,

length one-half that of ventral arm plate,

seated in depression below tentacle pore,

proximal end hinged to lateral arm plate

(Fig. 3D).

First ventral arm plate small, longer than

broad, distal margin convex, proximal end

within oral slit. Plates at base of arm large,

suboctagonal, longer than wide; proximal

end narrow, lateral margins deeply concave,

distal margin conspicuously flared, with

edge straight to broadly convex (Figs. 2C,

3D). Width of plate generally exceeds

length at midpoint of arm. Plates pentago-

nal on distal joints, triangular at tip of arm.

Plates in contact basally, separated by side

arm plates on outer one-fifth of arm.

Terminal arm plate slightly longer than

wide, equally long and wide in some large

individuals; base of plate inflated, apex

bluntly rounded or truncate.

Tube feet in living individuals smooth,

translucent, with long, somewhat expanded

tip. Individuals are slow moving; locomo-

tion involves use of tube feet in addition to

arm flexure.

Color.—Pigmentation and color pattern

generally increase in intensity and complex-

ity with increasing body size (Figs. 4, 5A,

B). In alcohol, small individuals, including

large embryos, predominantly cream col-

ored, with small dark brown patches on

disk and widely-spaced brown bands on

arms. Disk of small individuals predomi-

nantly cream colored with small, irregular,

dark brown to greenish brown blotches, and

some intervening pale green pigmentation;

arms cream colored with widely-spaced

brown and green bands. Disk of moderate-

sized individuals with large, irregular, in-

terconnected, radiating patches and swirls

of brown and greenish brown, discontinu-

ously bordered with dark brown spots, and

with patches of pale green in intervening

cream colored region; arms pale green, with

narrow, dark brown band every few seg-

ments, and with portions of green and

brown bands incorporating small patches of

cream pigmentation. Disks of large individ-

uals predominantly brown and greenish

brown, irregularly marked with dark brown
and cream, radiating pigmentation pattern

indistinct; arms greenish brown, with patch-

es of cream color and dark brown bands at

intervals of several joints. Ventral surface

of all individuals predominantly cream col-

ored, with darkly pigmented arm joints

banded; largest individuals sometimes hav-

ing very small splotches of brown in ventral

interradii. Large patches of dark pigmenta-

tion typical of many Ophionereis species,

lacking distal to oral shields. Some arm
spines of moderate- and large-sized individ-

uals banded with greenish or brown. In al-

cohol greenish brown pigmentation turns to

green, green pigmentation fades; color loss

more dramatic in dried specimens, greens

and browns fading to shades of gray.

Variation.—The features of moderately

large and large specimens (^3.5 mm dd) of

O. diabloensis are consistent (Table 1).

Smaller individuals, however, do not exhib-

it the diagnostic oral shield shape, arm
spine shape, arrangement and shape of the

disk scales, and color pattern.

Notably, rare individuals have one or two

granules beside several genital slits, which

are presumably homologous with genital

papillae. Thus, the presence of genital pa-

pillae is an inconsistent character for the

species. The variable degree with which

genital papillae are expressed in O. dia-

bloensis confounds a clear-cut distinction

among Ophionereis species based on the

presence or absence of genital papillae.

However, the species falls in the group of

species with "genital papillae absent" (sen-

su A. M. Clark 1953).

Comparisons.—The virtual absence of

genital papillae and the lack of an inteiTa-

dial patch of dai'k pigmentation just distal

to the oral shield set O. diabloensis apait

from two much larger Californian conge-

ners, Ophionereis eurybrachiplax H. L.

Clark, 1911 and Ophionereis annidata (Le

Conte, 1851). Ophionereis eurybrachiplax
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Fig. 4. Ophionereis diabloensis, new species. Detail of the disks of four specimens showing growth-related

changes in pigmentation pattern, and development of discontinuous dark brown pigmentation separating regions

of greenish-brown and cream coloration. A. 1.47 mm dd, LACM 1995-169.4; B, 2.07 mm dd, LACM 1995-

169.3; C, 4.08 mm dd, LACM 1999-029.18; D, 5.56 mm dd, 1999-029.16.

is further distinguished by having four basal

arm spines and dorsal arm plates that are at

least twice wider than long. Ophionereis

annulata differs in the exaggerated length

of its middle arm spine, and in its accessory

dorsal arm plates that are equal in length to

the dorsal arm plates.

Ophionereis diabloensis and O. amphil-

ogus fall into a small group of congeners

characterized by A. M. Clark (1953) as re-

taining seemingly juvenile features in the

adult growth stage. It includes O. sexradia

Mortensen, 1936, O. vivipara Mortensen,

1933, O. olivacea H. L. Clark, 1901a, O.

novaezelandiae Mortensen, 1936, and O.

dolabriformis John & A. M. Clark, 1954,

which are distinguished from one another

in her key to the species of Ophionereis (A.

M. Clark 1953).

The only species with which O. dia-

bloensis might be confused is O. amphilo-

gus, and the differences between moderate-
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Table 1 .—Characteristics of individuals of Ophionereis diabloensis n. sp. and Ophionereis amphilogus equal

or greater than 3.5 mm dd.

O- diabloensis O. amphilogus

Dorsal interradial disk

scales

Oral shield

Arm shape

Accessory dorsal arm

plate on basal joints

Ventral arm plates

Arm spine shape

Expanded peripheral

trabeculae on dorsal

and lateral arm plates

Coloration

Mid-interradial scales wider than long, ir-

regularly arranged, not crowded. Some
conspicuous scales completely exposed

Truncate proximal tip

Arms robust, taper dramatically; largest

dorsal arm plates and arm spines on

fourth to sixth joint

Approx. Vg-Vi size of dorsal arm plate;

overlapping and covering constriction at

proximal end of arm joint

At mid-arm W > L; distal portion of plate

appears much wider than proximal por-

tion

At base of arm thick, robust; at midpoint

of arm truncate

Relatively large and evident at low magni-

fication

Green and green-brown pigmentation

prominent; Arms greenish brown, irreg-

ularly-banded with dark brown and

small, irregular cream-colored spots;

Disk greenish brown with cream-colored

patches separated or associated with dis-

continuous series of dark brown scales

Mid-interradial scales longer than wide,

crowded into narrow columns. Few if

any scales completely exposed

Bluntly pointed proximal tip

Arms slender, gradually tapering from

disk, although first 2 dorsal arm plates

reduced in size

Approx. '/|o size of dorsal arm plate, not

obscuring constriction at proximal end

of arm joint

At mid arm W < L; distal portion of plate

appears slightly wider than proximal

portion

At base of arm compressed; at midpoint of

arm bluntly rounded

Relatively small and inconspicuous

Greenish pigmentation may be insignifi-

cant; Arms brown or greenish, irregular-

ly-banded with dark brown and small,

irregular cream-colored spots; Disk ir-

regularly variegated with brown and

cream, sometimes predominantly cream-

colored

ly large and large individuals of the two

species are summarized in Table 1 and

shown in Figs. 2, 3, and 5. Small individ-

uals of the two species can be separated by

the more robust development of the arms

and arm spines of O. diabloensis that is ev-

ident in specimens compared side by side

(Fig. 5).

Etymology.—The specific name refers to

the type locality of the species at Diablo

Cove, near the Diablo Canyon Nuclear

Power Plant, Diablo Canyon, San Luis

Obispo County, California.

Discussion

Habitat.—Ophionereis amphilogus oc-

curs subtidally and in association with large

kelp plants. Individuals have been dredged

from "from rock along the margins of a

kelp bed" at 18-27 m depth, off Cedros

Island, Mexico (Fraser 1943:65, habitat il-

lustrated in pi. 32, figs. 70-71), removed

from a "stipe holdfast" at Bahia Tortugas,

on the Baja California mainland, and col-

lected from Macrocystis pyrifera and Eisen-

ia arborea holdfasts at 4.6-14.0 m depth

off Santa Cruz, San Nicolas, and Santa Bar-

bara islands in southern California.

In contrast, Ophionereis diabloensis has

been found associated with algal turf in the

intertidal zone. At Diablo Cove and envi-

rons O. diabloensis was collected intertid-

ally, on a gradually-sloping rocky shelf dis-

sected by fissures and tide pools, densely

covered with algae, masses of Phragmato-

poma californica (Fewkes, 1889), sponge,

and other sessile fauna. Echinoderms in the

habitat included Asterina niiniata (Brandt,

1835), Henricia cf. leviiiscula (Stimpson,

1857), Leptasterias pusilla (Fisher, 1930),

Pisaster ochraceus (Brandt, 1835), Pycno-

podia helia?ithoides (Brandt, 1835), Lyte-

chinus ananiesus H. L. Clark, 1912, Stron-

gylocentrotiis piirpnratns (Stimpson, 1857),
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Fig. 5. Ophionereis diabloensis, new species and Ophionereis amphilogus: small and large individuals in

dorsal view, showing that the former species consistently has more robust arm and spine morphology. A-B,

Ophionereis diabloensis: A, 3.02 mm dd, LACM 1999-29.15; B, 5.23 mm dd, LACM 1999-29.2. C-D Ophi-

onereis amphilogus: C, 2.88 mm dd, LACM 1999-88.1; D, 5.43 mm dd, LACM 1999-87.2.

Leptosynapta sp., Pachythyone rubra (H. L.

Clark, 1901b), Ophioplocus esmarki Ly-

man, 1874, Ophiothrix spiculata Le Conte,

1851, Ophiopteris papillosa (Lyman,

1875), Amphiodia occidentalis (Lyman,

1860), Ophiactis simplex (Le Conte, 1851),

and Amphipholis squamata (Delle Chiaje,

1828).

At Diablo Cove, O. amphilogus was
found in quantitative algal samples of Gas-

troclonium subarticulatum, which tends to

form large, pure stands at the to +1 ft

MLLW tide level. None were found in

equivalent samples of Endocladia muricata

(Postels & Ruprecht) J. G. Agardh at the

+ 3 ft tide level. Individuals were abundant

in non-quantitative samples of Centroceras

clavulatum which tends to form pure stands

found at + 1 to 2 ft MLLW. In the course

of a survey for O. diabloensis during a

— 1.1 ft low tide, individuals were found in

mixed samples of unidentified algae, but

were not seen in tide pools, under rocks, or

in gravel. Although these results might in-

dicate that O. diabloensis avoids E. muri-

cata, its abundance in algae in the lower

portion of the intertidal suggests that it is

restricted to the low intertidal and might

perhaps occur subtidally. During the —1.1

ft low tide, a spot survey at three stations

yielded three specimens of O. amphilogus

at one site in southern Diablo Cove that was

predominantly covered by G. subarticula-

tum, and yielded two specimens in Field's

Cove, approximately 1 km to the north, in

G. subarticulatum and Gelidium coulteri

Harvey, collected from deep channels in the

rocky intertidal. In contrast, among the 65

individuals of O. amphilogus collected in

quantitative samples from Diablo Cove and

environs, only one was in a sample taken

at Field's Cove and the remainder were in
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24 samples from the southern coast of Dia-

blo Cove.

The seemingly greater incidence of the

species evidenced in the quantitative sam-

ples at Diablo Cove, as opposed to Field's

Cove, may be an artifact of the quantitative

sampling program. However, differences in

the physical characteristics of the two coves

might come into play. Diablo Cove receives

the effluent cooling water from the Diablo

Canyon Nuclear Power Plant, at a rate of

2.5 billion gallons per day of seawater heat-

ed to about 11°C above the ambient sea-

water temperature. Normal seawater tem-

peratures in the area range from 9-15°C,

whereas the mean intertidal temperatures in

Diablo Cove are 3-5°C higher than ambient

and only 1-2° higher at Field's Cove, which

is less in the path of the discharge plume

(Tenera 1997).

On at least two occasions in the late sum-

mer of 1999, during low tides at 0200-0400

hrs, exposed individuals of O. amphilogus

were seen at the + 1 ft tidal level, clinging

to algae in beds of Centroceras clavulatum

and Polysiphonia spp. (J. Tupen, pers.

comm). The presence of large individuals

on top of algal mats at that time may reflect

a nocturnal behavior pattern, or a behavior

elicited by low tides. The density of the ex-

posed O. amphilogus population was esti-

mated at 20/m^, and in nearby tide pools

fewer numbers of Ophiothrix spiculata (2-

S/m^) and Amphiodia occidentalis (0.25/m-^)

were seen (J. Tupen, pers. comm.). At that

time, individuals of O. amphilogus collect-

ed from a Centroceras bed proved to be

significantly larger {X = 2.37 mm, SD =

0.92, n = 65, range = 1.31-4.82) than

those extracted from pooled quantitative

samples of G. coulteri (X = 4.38 mm, SD
= 0.86, n = 54, range = 1.81-5.76) that

had been collected at various times some-

what lower in the intertidal (two-tailed Stu-

dent's t test, t = - II .9532, f < 0.00 1 ). The

contrast in the size range of specimens from

the two substrates suggests that Gastrocloii-

ium serves as a nursery habitat for smaller

individuals, and/or that larger specimens

have a preference for Centroceras or its

slightly higher location in the intertidal, but

it might also reflect a sampling artifact due

to bias in the single sample of the latter

alga.

Reproduction and development.—Ophi-

onereis amphilogus is grouped with species

that are "not viviparous (so far as is

known)" in A. M. Clark's (1953:70) key to

the species of Ophionereis. However, in the

present study the species was found to

brood its young, as was O. diabloensis (Fig.

6). This finding raises the number of known
brooding Ophionereis species to four, O. vi-

vipara and O. olivacea, both small tropical

species, having been found to bear live

young (Mortensen 1933, Hendler & Litt-

man 1986, Byrne 1991, Hendler 1991).

Extremely small gonads were observed

in three of the five individuals of O. dia-

bloensis that were dissected. No more than

two gonads were seen in an individual. Two
appeared to be ovaries; the sex of the others

was indeterminable in the alcohol preserved

tissue viewed with a stereomicroscope. Be-

cause of the limited amount of material

available, additional dissections were not

conducted and the characteristics of the go-

nads, gametes, and mode of sexuality of the

species are unknown.

Among the specimens inspected exter-

nally and the few that were dissected, at

least 16 (13%) of the 124 specimens of the

O. diabloensis specimens were brooding

embryos, and at least 7 (54%) of the 13

specimens of O. amphilogus were brood-

ing. The estimated incidence of brooding is

conservative, based primarily on specimens

that had the arms of advanced embryos pro-

truding from their bursal slits (Fig. 6B).

Three specimens of O. diabloensis were se-

lected at random from among the larger in-

dividuals collected on 5 Nov 1999. Brood-

ed embryos were found in all three, sug-

gesting that the incidence of brooding was

underestimated by external examination.

The individuals of O. amphilogus ex-

amined were 2.0-4.8 mm dd, and brooding

individuals were 2.1-3.9 mm dd. The O.
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Fig. 6. Ophionereis diabloensis, new species and Ophionereis amphilogus: brooding individuals and embryos.

A-C, Ophionereis diabloensis: A, Individual, 5.03 mm dd, LACM 1999-29.14, with dorsal wall of the disk

removed to reveal 7 embryos (arrowheads) each in a separate bursa. B, Individual, 5.09 mm dd, LACM 1999-

29.17, with arm of brooded embryo protruding from a bursal slit (arrow); C, detail of the arm of the brooded

embryo (arrow). D, Ophionereis amphilogus embryo removed from the bursa of an adult (LACM 1993-1 16.2)

from Santa Catalina Island, SEM image showing developing oral papillae (arrows); scale, 0.5 mm.

diabloensis examined were 1.3-5.8 mm dd,

and the brooding individuals were 3.2-5.4

mm dd. Limited evidence suggests that both

species brood embryos throughout the year.

Brooding individuals of O. diabloensis

were found in February (3 of 30 speci-

mens), June (2 of 5), October (8 of 54),

November (3 of 23), although not in May
(0 of 3), July (0 of 2), or August (0 of 7).

Without dissection, brooding O. amphilo-

gus were identified in material collected

from Cedros Island in March (2 of 3), from
nearby Bahia Tortugas in November (1 of

1), and from Catalina Island in June (1 of

1) and August (2 of 4), although not in July

(1 of 1). The three individuals from the

northern Channel Islands collected in Sep-

tember did not appear to be brooding.

Three specimens of O. diabloensis from

a sample taken in Diablo Cove in Novem-
ber, which were selected at random from

among individuals greater than 4 mm dd,

were dissected by opening their ventral in-

terradii. The incomplete dissection did not

give an unobstructed view of the contents

of all the bursae, but one individual had at

least 2 embryos, one had 3, and the third

had 5. No more than one embryo was seen

in each bursa. One small individual in the

same sample, 3.08 mm dd, which was ex-

amined by removing the entire dorsal wall

of the disk and the stomach, lacked em-
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bryos and had two gonads attached to the

genital scales in one interradius, both 0.24

mm in diameter, and based on stereomicro-

scope examination were of indeterminate

sex.

A brooding individual of O. diabloensis

(5.0 mm dd) from the same collection was

dissected by removing the disk wall (Fig.

6A). It contained 7 embryos with disk di-

ameters of 0.19, 0.48, 0.58, 0.96, 1.28,

1.31, and 1.41 mm. The smallest had 1-2

arm joints, and the 1.28 mm dd embryo had

approximately 15 arm joints. The largest

four embryos had dark bands on the arms

and flecks of dark pigment on the disk; the

smallest embryos were entirely white. The

smallest individuals found in the field were

1.3 mm dd. Although there is a possibility

that they emerged prematurely from adults

held under adverse conditions, the size and

advanced developmental state of the em-

bryos indicates that they are capable, or

nearly capable, of living independently.

A 3.6 mm dd specimen collected on 22

June 1997 was dissected in a similar man-

ner, and found to contain embryos with disk

diameters of 0.24, 0.27, 0.27, 0.32, 0.83,

and 0.93 mm. The 3 smallest had only a

terminal arm plate, and the 3 largest had 1,

8, and 9 arm joints respectively. The em-

bryos at a point of development with only

the terminal arm plate and no discernible

arm joints, appeared as a heavily calcified

star surmounted by a bubble of thin tissue

in which small multi-radiate ossicles were

embedded. In two bursae there were early

embryonic stages only 0.14 and 0.18 mm
in diameter. Both were composed of a thin,

transparent sphere of tissue, at one pole of

which were relatively heavily calcified

plates; multi-radiate ossicles were embed-

ded elsewhere on the wall of the sphere

within which was a small mass of opaque

tissue.

It is difficult to compare the mode of de-

velopment in the embryos of O. diabloensis

with that in O. vivipara, which is reportedly

"of the type where the nuclei lie scattered

irregularly all through the yolk" (Morten-

sen 1933:192). The embryos seem to differ

from those of O. olivacea as well, which

has large yolky eggs and embryos with a

"modified vitellaria" stage (Byrne 1991).

Although the embryos of O. diabloensis are

not noticeably yolky, they are similar in

structure to the yolky embryos brooded by

Amphiura belgicae Koehler, 1901 and Am-
phiura stimpsonii Lutken, 1859 which are

probably meroblastic (Mortensen 1921,

1936).

The presence of embryos of various sizes

in O. diabloensis collected in the winter and

summer, suggests that embryos may be pro-

duced throughout the year and that spawn-

ing occurred and new embryos began to de-

velop before the previous cohort was re-

leased. Individuals of O. vivipara also

brood young in various stages of develop-

ment "a few at a time," a situation inter-

preted as indicating that "breeding goes on

without interruption" (Mortensen 1933:

192). These characteristics and those of O.

diabloensis, contrast sharply with those in

O. olivacea. Reproduction in the latter spe-

cies is seasonal, and individual females

brood as many as 165 embryos at the same

stage of development, releasing young with

only two to three arm joints (Byrne 1991).

In O. diabloensis, no more than one em-

bryo was found in each bursa of a brooding

individual (Fig. 6A). The advanced embry-

os held their arms beside their disk or

flexed dorsally, such that the mouth and

proximal tube feet of the embryo were

pressed against the wall of the bursa. The

position may be typical of brooded ophiu-

roid embryos, and may facilitate the uptake

of nutrients from the bursal wall (Walker &
Lesser 1989, Byrne 1994, Hendler & Tran

2001, Hendler & Bundrick 2001).

An embryo removed from a 3.7 mm dd

specimen of O. amphilogus from Catalina

Island, was 0.80 mm dd with 1.6 mm long

arms consisting of 13 joints, and had the

greenish brown pigmentation expressed in

large embryos. The embryo had 3-4 oral

papillae on each side of the jaw, but lacked

a tentacle scale of the outer oral tentacle.
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The largest oral papilla was associated with

the adoral shield and the most proximal oral

papillae were relatively larger than those on

the side of the jaw. The arrangement of the

oral papillae in O. amphilogus, and Mor-

tensen's (1921) observations on Ophioner-

eis squamulosa Koehler, 1914, indicate that

the distal oral papilla in Ophionereis spe-

cies is homologous to the adoral shield

spine, and the proximal papillae represent

homologues of buccal scale and/or infra-

dental papilla as suggested by Hendler

(1998).

D/^^r/Z?^/^^^.-Following the discovery of

O. diabloensis at Diablo Cove, near the

Diablo Canyon Power Plant, it seemed pos-

sible that the population of the species was

anomalous, having become established in a

restricted body of water that was buffered

from local temperature fluctuations by the

outflow of the nuclear generator. Unfortu-

nately, benthic collections that were made
prior to the establishment of the generating

station have either been discarded or are un-

available for scientific study, and so the his-

tory of the Diablo Cove population is moot
(J. Tupen, pers. comm).

Several references in the literature to

Ophionereis from the central California

coast point to occurrences of O. diabloensis

approximately 200 km to the north of Dia-

blo Cove, as many as 63 years before the

plant went into operation. In 1921, at Pa-

cific Grove, May (1924:264) found "one

young Ophionereis under a rock, on sandy

bottom, at low tide," whose size (3 mm dd,

8 mm AL) and appearance accord well with

O. amphilogus, particularly its color, "Ab-
oral side of disk and arms mottled irregu-

larly with light olive, white, and blackish

brown . . . interbrachial spaces pinkish;

arms white, with cross bands of dark gray

irregularly covering one to three plates, and

spaced every one to three plates."

Twenty-seven years later, likewise in Pa-

cific Grove, three specimens were collected

"on the side of a rock under Pelvetia" in

the Point Pinos intertidal that, with reser-

vations, were identified as ''Ophionereis

eurybrachyplax'" [sic] (quotes from unpub-

lished manuscript by Ephraim Friedman,

entitled "The intertidal ophiuroids of Mon-
terey Bay. Zoology SI 12, July 1948,"

which is housed in the Cadet Hand Library,

Bodega Bay Marine Laboratory, Bodega

Bay, California). They were similar in size

(4 mm dd, 12 mm AL) to O. diabloensis.

Their coloration was like the latter species,

"The disk has white, light green, dark

green, and brown scales giving it a mottled

appearance. The arms are green with dark

green and brown stripes every 5 or 6 seg-

ments" (Friedman manuscript). Fortunate-

ly, Freidman photographed his specimens

of "Ophionereis eurybrachiplax,'" and al-

though the illustrations in his report provide

limited detail, the distinctive body shape,

robust arms and arm spines, and color pat-

tern all resemble O. diabloensis.

The second and third editions of "Light's

Manual" (Weesner 1954, Sutton 1975) re-

ported O. eurybrachiplax from the intertidal

of the central California coast, but the basis

for the citations is unclear. The key char-

acters and brief descriptions provided in

both editions could apply to O. amphilogus

or O. annulata as well as O. eurybrachi-

plax. However, O. annulata does not occur

north of the Channel Islands in southern

California, and O. eurybrachiplax is re-

stricted to moderately deep water (53-145

m) (Ziesenhenne 1937; Hendler, prev. un-

pub.). The specimens or data that were the

source for the citation in the second edition

are unknown (Weesner, pers. comm.). Fur-

thermore, the specimens that were reported

by May and Freidman are lost; some of the

material that they collected was transferred

from Hopkins Marine Station to the Cali-

fornia Academy of Sciences, but not their

specimens of Ophionereis (Hendler, pers.

obs.).

The range of O. amphilogus had been re-

ported to extend from Cedros Island to the

northern Channel Islands and from 18-183

m depth, based primarily on museum re-

cords at LACM and SIO (Maluf 1988).

However, evaluation of the museum speci-
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mens revealed that all but the types had

been misidentified. Thus, prior to the pre-

sent study the only correct distribution re-

cord for the species was the type locality at

Cedros Island. A second Mexican locality

was established in this study based on a

specimen in the SIO collection collected in

1959, from Bahia Tortugas on the Baja Cal-

ifornia mainland. Furthermore, the known
range of the species was extended to Santa

Catalina, San Nicolas, and Santa Barbara

islands based on more recently collected

specimens in the LACM collection. Thus,

the range of O. amphilogus extends at least

800 km, from Baja California, Mexico al-

most to Pt. Conception, California (Fig. 1).

Within that range only 13 individuals have

been found since 1934. Moreover, only nine

specimens have been collected in the Chan-

nel Islands, although the islands have been

monitored and repeatedly sampled since the

1930's by a variety of academic, environ-

mental and governmental programs and

agencies.

Ophionereis diabloensis was found at

Pacific Grove in 1921 and 1948, but evi-

dently was never seen by Ricketts (Ricketts

et al. 1985), whose work in Pacific Grove

during that time laid the foundation for

West Coast intertidal ecology (Fig. 1). The
species has not since been reported by the

many individuals and organizations that

have investigated the coast of Monterey

Bay and environs. It was undetected during

intertidal surveys at Pacific Grove carried

out in the 1930's and 1990's, which have

purportedly demonstrated range-related

shifts in intertidal organisms attributable to

long-term climate change. In the latter

study, as in most long-term, marine moni-

toring programs, only those "species that

could be readily enumerated with the un-

aided eye" were tallied (Sagarin et al. 1999:

468), a methodology in which most benthic

species are overlooked and accurate taxo-

nomic identification is compromised.

The lack of information regarding O. am-
philogus and O. diabloensis reflects the re-

grettable lack of research on the natural his-

tory of most Eastern Pacific echinoderms.

Even their distributions are poorly under-

stood because of the emphasis on expedi-

ency in many ecological surveys. The sit-

uation might have been different if consis-

tent efforts had been made to explore and

collect systematically, and to voucher spec-

imens from the myriad surveys of marine

organisms that have been made on the Pa-

cific coasts of Central and North America.

However, the important archival role of nat-

ural history museums has rarely been effec-

tively developed or supported. As a conse-

quence, we still know all too little about the

Eastern Pacific marine fauna.
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Abstract.—Thirteen previously described species of Anacroneuria Klapalek

are considered: A. badilinea Jewett, A. debilis (Pictet), A. dilaticollis (Bur-

meister), A. fuscicosta (Enderlein), A. impensa Jewett, A. minuta Klapalek, A.

novateutonia Jewett, A. oculatila Jewett, A. plaumanni Jewett, A. polita (Bur-

meister), A. subcostalis Klapalek, A. tinctilamella Jewett and A. trimacula Jew-

ett. A. ampla Jewett is considered a synonym of A. plaumanni. Twelve new
species are described: A. cathia, A. coscaroni, A. flintorum, A. stanjewetti, A.

petersi, A. rondoniae, A. saltensis, A. caraja, A. toriba, A. uyara, A. xinguensis,

and A. ytuguazu.

Anacroneuria is the dominant stonefly

genus in the Neotropics and, in many areas,

the only one. This is a difficult genus, not

only for the numerous species, but also be-

cause of the insufficient descriptions by

older authors compounded by the loss of

many types. The first thorough treatment of

the genus and of a number of species was
made by Zwick (1972, 1973); he stresses

the importance of studying the genitalia, in

particular the male genitalia, for species

discrimination. Comments on the difficul-

ties in the study of the genus, like handling

older material, synonyms, etc. appears in

the articles of Stark, especially in Stark

(1998). He also comments on the strong

pattern of endemism, confirmed herein, as

almost no species from mid-southern South

America is found to the north.

The intention of this study is to consider,

primarily, the material deposited in the Na-

tional Museum of Natural History of the

Smithsonian Institution (NMNH). It is not

intended to completely revise nor figure all

the Brazilian species of the genus, espe-

cially those adequately figured by Zwick

(1972, 1973) or Jewett (1959, 1960). Other

studies completely revising and newly il-

lustrating the entire fauna of southeastern

South America are in preparation.

The Brazilian material studied is primar-

ily specimens collected by Fritz Plaumann

in Nova Teutonia, Santa Catarina State, in-

cluding paratypes of species studied by

Jewett (1959), as well as material from oth-

er scattered localities in Brazil as available.

Most of the material from northeastern Ar-

gentina (Provinces of Entre Rios and Mi-

siones) was collected by O. S. Flint, Jr., in

his 1973 expedition. Some material from

southern Paraguay is also included. The
California Academy of Sciences (CAS)
contains additional material collected by
Plaumann, including several types which

were examined. The Senckenberg Museum
of Frankfurt, Germany, (SMF) sent an im-

portant lot of specimens collected in Co-
rupa (then called Hansa-Humboldt), Santa

Catarina State, by Ehrhardt in 1928-1929.

More specimens from the same and other

localities were sent by P. Zwick, (Zwick)

Schlitz, Germany.

Anacroneuria badilinea Jewett

Fig. 1

Anacroneuria badilinea Jewett, 1959: 157,

fig. 14 [head and pronotum].
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Material examined.—Holotype, ? Bra-

zil, Santa Catarina, Nova Teutonia, Oct

1956, F. Plaumann (CAS). Additional spec-

imens: Same data as holotype, but Nov
1955, 2 ? 5 paratypes (NMNH). Argentina,

Misiones, Arroyo Piray-Mini, W of Dos
Hermanas, 1 2, 23 Nov 1973, O. S. Flint,

Jr. (NMNH).
Adult habitus.—Head brown and yellow-

ish, darkest between ocelli, in front of ten-

torial scars, anterior to M-line and in pos-

terior half of lappets. Pronotum with irreg-

ular brown sublateral stripes; on each side

of ecdysial line a fine light border irregu-

larly margined by brown. Legs light brown
and yellowish. Wing membrane and veins

brownish ochraceous, C, Sc, R-R, paler, but

bordering membrane of these veins darker.

Basal cercomeres pale, following ones bi-

colored.

Male.—Unknown.
Female.—Forewing length of holotype,

20 mm; of other females, 16.5-18.7 mm.
Subgenital plate (Fig. 1) with pair of medial

lobes separated by a rather deep notch; lat-

eral notches shallower, lateral lobes forming

corners of plate. Vaginal sclerite as shown.

St9 with a well-defined "T", lateral setae

stronger. Distal margin concave with a thin

transverse sclerite and a dense row of hairs.

Remarks.—As stated by Jewett (1959),

the color pattern of the head and pronotum

is distinctive. So is the shape of the subgen-

ital plate, with two relatively large and nar-

row lobes separated by a deep median

notch, and lateral lobes forming corners of

the plate.

Anacroneuria debilis (Pictet)

Figs. 2-4

Perla (Perla) debilis Pictet, 1841: 255, pi.

26, fig. 4 [habitus].

Anacroneuria debilis.—Zwick, 1972: 1155,

fig. 5b [penial armature]; 1973: 486, figs.

17-18 [partim, female terminalia, ster-

num 9].

Material examined.—Brazil, Santa Ca-

tarina, Nova Teutonia, F. Plaumann leg., 1

5, 7 Oct 1955; 5 66, 27 2 5, Jan 1975

(NMNH); 1 6,3 2 2, Jan 1956; 1 2, Oct

1956; 1 (?, 1 2, Feb 1957; 5 6 6,3 2 2,

Oct 1960; 3 6 6 , Oct 1961; 1 2, Jan 1962;

1 6, 5 2 2, Oct 1962; 12, Nov 1962; 2

2 2, Dec 1962 (CAS); 1 6, 3 2 2, Nov
1956 (Zwick). Corupa, W. Ehrhardt leg., 1

6, 25 Apr 1928 (SMF); 16,5 Nov 1928

(SMF); 2 6 6, 16 Jan 1929 (SMF Zwick);

2 6 6,7 Apr 1929 (SMF). Baracao [sic],

700 m, 1 6, 12, Oct 1962, F Plaumann

(CAS). Urubici, 1500 m, 1 6, Oct 1962, F
Plaumann (CAS). Parana, Iguagu, Catara-

tas, 12,8 Mar 1968, W. L. & J. G. Peters

(NMNH). Espirito Santo, Ribeirao do En-

gano. Vale do Itaunas, 1 6,2 2 2,9 Dec
1942, Travassos & Santos (CAS); Santa Te-

resa, Reserva do Museu, 1 6, 2 2 2, 13

Nov 1955, Santos, Machado & Barros

(CAS); 15 km SE of Santa Teresa, Fazenda

Santa Clara, 3 2 2, 22 Apr 1977, O. S. &
C. Flint (NMNH). Argentina, Entre Rios,

Salto Grande, Rio Uruguay, 1 6 , 16 Nov
1973, O. S. Flint, Jr.(NMNH). Misiones,

Arroyo Coati, 15 km E of San Jose, 1 6,

23 2 2, 18-19 Nov 1973, O. S. Flint,

Jr.(NMNH); Arroyo Liso, 8 km W of Gen-

eral Guemes, 5 2 2, 19 Nov 1973, O. S.

Flint, Jr.(NMNH); Arroyo Saura, 9 km N of

L.N. Alem, 1 2, 20 Nov 1973, O. S. Flint,

Jr.(NMNH); Arroyo Piray-Mini, W of Dos

Hermanas, 1 6, 11 2 2, 23 Nov 1973, O.

S. Fhnt, Jr.(NMNH). Paraguay, Parque Na-

cional Ybycui, 1 6, 23 Jan 1981, R. D.

Cave (NMNH).
Remarks.—This species has been rede-

scribed and had the genitalia figured by

Zwick (1972,1973). Here two figures of the

female genitalia are given (Figs. 2—3),

showing variation in the subgenital plate

lobes. It seems to be common and wide-

spread, extending from the State of Espirito

Santo in southeastern Brazil to the provinc-

es of Misiones and Entre Rios in Argentina

and to southern Pai^aguay. The eggs (Fig. 4)

are plumper than the one figured by Zwick

(1973, fig. 17), this probably belongs to A.

cathia.
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Figs. 1-6. Anacroneuria badilinea Jewett: 1, female, sterna 8 and 9, ventral view. A. debilis (Pictet): 2-3,

female, sterna 8 and 9 of 2 specimens; 4, egg. A. dilaticollis (Burmeister): 5, head and pronotum of type; 6,

egg-
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Anacroneuria dilaticollis (Burmeister)

Figs. 5-6

Perla dilaticollis Burmeister, 1839: 880.

Anacroneuria dilaticollis.—Zwick, 1972:

1156, fig 6e [female terminalia].

Material examined.—Holotype: ? , Bra-

zil, Museum Halle. Additional material:

Brazil, Espirito Santo, 15 km E of Santa

Teresa, Fazenda Santa Clara, 2 ? 9 , 22 Apr

1977, C. M. & O. S. Flint (NMNH).
Remarks.—The type of this species has

been redescribed and had the genitalia fig-

ured by Zwick (1972, fig. 6e). This type is

the only sure bearer of the name, despite a

number of subsequent identifications, be-

ginning with Pictet (1841). The two females

listed here agree well in color pattern and

details of the female terminalia as described

by Zwick (1972). The head and pronotum

of the holotype is shown in Fig. 5. The egg

of the present material is shown in Fig. 6.

Anacroneuria fuscicosta (Enderlein)

Figs. 7-1

1

Neoperla costalis var. fuscicosta Enderlein,

1909: 178, fig. 12.

Anacroneuria fuscicosta (Enderlein).

—

Jewett, 1959: 155, figs 8, 8A (partim,

head and pronotum, 2 specimens).

—

Zwick, 1973: 486, figs. 19, 20 (egg, ster-

num 9 and vaginal sclerite).

Material examined.—Brazil, Santa Ca-

tarina. Nova Teutonia, F Plaumann leg., 1

?, 7 Oct 1955; 12,8 Nov 1955; 2 ? ?,

Nov 1955; 5 2$, Jan 1956; 4 9 9, Oct

1956; 2 9 9, Feb 1957; 2 9 9, Oct 1960; 4

9 9, Jan 1962; 4 9 9, Nov 1962; 2 9 9,

Dec 1962; 2 9 9, Jan 1963 (CAS); 1 c?, 3

9 9, Nov 1956 (Zwick); 2 9 9, Jan 1975

(NMNH); Baracao [sic], 1 9, Oct 1962, F
Plaumann (CAS). Parana, Rio dos Patos, 3

km E of Prudentopohs, 700 m, 1 cJ, 2 Mar
1969, W. L. & J. G. Peters (NMNH). Ar-

gentina, Misiones, Arroyo Coati, 15 km E
of San Jose, 2 9 9, 18-19 Nov 1973, O. S.

Fhnt, Jr. (NMNH); Arroyo Piray-Mini, W

of Dos Hermanas, 2 9 9, 23 Nov 1973, O.

S. Flint, Jr. (NMNH).
Adult habitus.—Frons brown to brown-

ish ochraceus from the M-line backwards,

except laterally to ocelli and bordering eyes

(Fig. 7). A light median spot just back of

the M-line may be present. M-line and scars

ochraceous to light brown; laterally to M-
line, a lighter area. Frons in front of M-line

dark but may have a median light area.

Clypeal area usually lighter, lappets at least

posteriorly deirk. Parietalia ochraceous, but

brownish behind eyes. Pronotum (Fig. 7)

brown to ochraceous-brown, with or with-

out a lighter median stripe but this usually

less defined than in A. debilis. Wing mem-
brane and veins ochraceous to brownish, C
not always darker. Femora bicolored, as de-

scribed by Jewett (1959). Cerci brownish,

basal segments often lighter, distal ones bi-

colored or not.

Male.—Forewing length, 9.3—10.1 mm.
Hammer a truncate cone lower than wide

(Fig. 8). Penial armature (Figs. 9-10), in

dorsal/ventral views, with abrupt subapical

narrowing, apical portion subparallel, tip

rounded. In side view, apical portion gently

curved dorsally, ending in a rounded point.

Hooks regularly curved, tips blunt. Dorsal

keel spinulose, in dorsal view a long V, ver-

tex distal.

Female.—Forewing length, 10.9-14.0

mm (n = 31, X = 12.23 mm). Subgenital

plate (Fig. 11) four-lobed, median notch

deeper than lateral ones, median lobes nar-

rower than lateral ones. Vaginal sclerite

with dark processes. Posterior margin of

St9 straight or slightly concave, lateral

fields of bristles rather dense.

Egg.—Elongate oval with terminal peg

on posterior pole.

Remarks.—Zwick (1973) designated a

female lectotype from Enderlein's exten-

sive, mixed-species, series of syntypes and

commented that this series belonged to a

difficult group whose members ai'e very

uniform in external appearance. He also

commented that Jewett's (1959) material

was also mixed. 1 examined from the CAS
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Figs. 7-11. Anacroneuria fuscicosta (Enderlein): 7, female, head and pronotum; 8-10, male; 8, hammer;
10, penial armature, dorsal and lateral; 11, female, sterna 8 and 9.

a large lot of Anacroneuria collected by F.

Plaumann at Nova Teutonia and identified

by Jewett after his article. It contained, be-

sides A. fuscicosta, a number of other spe-

cies, confirming Zwick's statement on the

difficulty in identifying this species. Of

Jewett's figures, 8A may refer to A. fusci-

costa, 8 looks more like A. debilis. This dif-

ficulty is made greater by an intraspecific

variability in the color pattern. The species

may be recognized, in the male, by the pe-

nial armature, in the female, by a straight
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or slightly concave posterior margin of the

St 9 and by the dark processes of the vag-

inal sclerite. The egg, with its terminal peg,

is also characteristic.

Anacroneuria impensa Jewett

Figs. 12-17

Anacroneuria impensa Jewett, 1959: 157,

fig. 12 [head and pronotum].

Material examined.—Holotype, ? Bra-

zil, Santa Catarina, Nova Teutonia, 5 Nov
1955, F. Plaumann (CAS). Additional ma-
terial: Same data as holotype but, 1 9 , Oct

56 (Zwick, as paratype of A. ampla); 1 S,

6 9 ?, Jan 1975 (NMNH). Santa Catarina,

Corupa (formerly Hansa-Humboldt), 1 ?

,

13 Sep 1928; 3 ? ?, 2 Nov 1928; 19,4
Nov 1928; 1 9 , 1 Dec 1928; 6 9 9,10 Dec
1928; 1 9; 1 Jan 1929; 1 9, 1 Feb 1929;

2 9 9, 2 Feb 1929; 1 9, 11 Feb 1929; 1 9,

19 Feb 1929; 1 9, 14 Apr 1929; 19,9
May 1929, Ehrhardt (SMF). Same data but

3 9 9, 13 Sep 1928 (Zwick). Argentina,

Misiones, Arroyo Piray-Mini, W of Dos
Hermanas, 3 SS,3 9 9, 23 Nov 1973, O.

S. FUnt, Jr. (NMNH).
Adult habitus.—The head pattern (Fig.

12) varies among specimens, but a constant

feature is the yellowish parietalia, with this

color extending to area lateral to the ocelli,

including the tentorial scars. Along the mid-

dle of the frons, up to the postfrontal line,

there is an irregular lighter stripe. The rest

of the head is light to medium brown. The
pronotum (Fig. 12) is yellowish to light

brown, irregularly blotched. Wing mem-
brane light brown, veins ochraceous-

brownish, C, Sc, R-R, paler from base.

Male.—Forewing length 14.7-16.5 mm.
Hammer (Fig. 13), short, wider than long,

apex rounded. Penial armature (Figs. 14—

15) tapering gradually towards apex but

small more sclerotized shoulders near apex.

Under shoulders, a pair of membranous
vesicles. Dorsal keel low. In side view, a

moderate depression near level of distal part

of hooks.

Female.—Forewing length of type, 21.5

mm; other females from Nova Teutonia,

18.5—20.5 mm. Female from Misiones, 21.6

mm. Females from Corupa, 14.5-20.5 mm,
with strong seasonal variation. Mean from

December {n — 7), 17.0 mm; from Febru-

ary {n = 5), 15.1 mm. Subgenital plate (Fig.

16) four-lobed, median pair separated by

deep notch, lateral pair by shallower ones.

The median notch in the type is acute, but

in other specimens may be rounded. Trans-

verse sclerotization of St9 straight or more
or less curved and with small hairs, hairs

scattered on sternite, lateral setae strong.

Egg.—Oval (Fig. 17).

Remarks.—The color pattern of this spe-

cies is distinctive and usually specimens

can be separated from the other regional

species of similar size, viz. A. plaumanni,

A. trimacula, and A. uyara, especially by

the head and pronotum patterns. Males can

be readily separated by the shape of the pe-

nial armature.

Anacroneuria minuta Klapalek

Figs. 18-21

Anacroneuria minuta Klapalek, 1922:

89.—Ribeiro-Ferreira & Froehlich, 2001:

188, figs. 1-4 [head and pronotum, penial

armature, female terminalia].

Material examined.—Brazil, Amazonas,

Igarape Tucunare, 75 km W of Itacoatiara,

1 c?, 30 Jan 1979, O. S. Flint, Jr. (NMNH).
Adult habitus.—The general color light

reddish-brown. Head rather uniform red-

dish-brown (Fig. 18). Pronotum reddish-

brown with lighter median stripe and lateral

areas. Legs ochraceous, femora darker at

knee, tibiae expanded. Wing membrane al-

most clear, veins light to pale brown. Cerci

pale brown.

Male.—Forewing length, 9.0 mm. Ham-
mer (Fig. 19) an elongate truncate cone lon-

ger than basal diameter. Penial armature

(Figs. 20-21) as described (Klapalek 1922).

Remarks.—Specimens described by Ri-

beiro-Ferreira & Froehlich (2001) were te-

neral. The color of the present specimen is
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11.0 mm|

Figs. 12-17. Anacroneuria impensa Jewett: 12, female holotype, head and pronotum; 13-15, male; 13,

hammer; 14-15, penial armature, dorsal and lateral; 16, female holotype, sterna 8 and 9; 17, egg.
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Figs. 18-2L Anacroneuria minuta Klapalek, male: 18, head and pronotum; 19, hammer; 20-21, penial

armature, dorsal and lateral.

similar to that of the type (Museum of Nat-

ural History, London).

Anacroneuria novateutonia Jewett

Figs. 22-26

Anacroneuria novateutonia Jewett, 1959:

158, figs. 6, 6A [head and pronotum;

sterna 8 and 9].

Material examined.—Paratypes: Brazil,

Santa Catarina, Nova Teutonia, 7 $9,6
Nov 1955, F. Plaumann (Zwick); 1 cj, 10

9 ?, Jan 1956 (NMNH). Additional mate-

rial: lb., M, 16 9 ?, Nov 1962 (CAS, de-

termined as A. fuscicosta by Jewett); 1

1

9 9, Jan 1975 (NMNH); Parana, Igua9u, 1

9, 8 Mar 1969, W. L. & J. G. Peters

(NMNH). Argentina, Entre Rios, Salto

Grande, Rio Uruguay, \ S , \6 Nov 1973,

O. S. Flint, Jr. (NMNH); Misiones, Arroyo

Piray-Mini, W of Dos Hermanas, 1 S, A

9 9 , 23 Nov 1973, O. S. Flint, Jr. (NMNH).
Adult habitus.—General color light

brown. Frons light brown but M-line, ten-

torial scars and antero-lateral comers ligh-

ter; clypeal area with median lighter spot.

Antennae and apices of palpi brown. Pron-

otum light brown with thin lighter strip bor-

dering ecdysial line; in some specimens,

central disk and/or anterolateral corners

lighter. Legs brown, except light bases of

femora, progressively so from fore to hind

femora; limits between brown and yellow-

ish sharp. Wing membrane and veins

brownish, C pale, Sc lighter distally, R pale

basally.

Male.—Forewing length 9.4-11.1 mm.
Hammer (Fig. 22) a truncate cone, basal

width larger that height. Penial armature

(Figs. 23-24) truncate apically in dorsal/
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Figs. 22-26. Anacroneuria novateutonia Jewett: 22-24, male; 22, hammer; 23-24, penial armature, dorsal

and lateral; 25, female, sterna 8 and 9; 26, egg.

ventral views, with subapical shoulders,

hooks rather thick with sharp curve, apices

blunt. Dorsal keel elongate, with striae.

Female.—Forewing length 11.6-13.7

mm, with temporal variation in size: mean
for November {n = 10), 12.96mm; for Jan-

uary (n = 21), 12.38mm; f-test, P < 0.001.

Subgenital plate (Fig. 25) four-lobed, me-
dian pair of lobes separated by a moderate-

sized notch, lateral ones by shallow to very

shallow notches. Posterior sclerotized bar

of St9 slightly concave, lateral hairs strong

and dense.

Egg.—About 0.22 by 0.39 mm, oval

(Fig. 26), sometimes with posterior pole

slightly constricted.

Remarks.—A. novateutonia is a medium-
small species with a color pattern not very

different from those of, e.g., A. fuscicosta

or A. debilis. In the head, a distinguishing

feature is that the area lateral to the ocelli

and limited by the postfrontal line is dark.

as is the rest of the posterior frons, instead

of a lighter area as on the other species. In

the pronotum a thin light stripe on each side

of the ecdysial line is constant. The male

from Misiones is much darker, almost uni-

formly dark brown. The morphology of the

penial armature, with the relatively thick

and strongly bent hooks that end in blunt

tips and the shape of the apical portion, is

diagnostic.

Anacroneuria oculatila Jewett

Figs. 27-31

Anacroneuria oculatila Jewett, 1959: 152,

figs. 5, 5A [head and pronotum; sterna 8

and 9].

Material examined.—Paratype: Brazil,

Santa Catarina, Nova Teutonia, 1 9, Jan

1956, F Plaumann (NMNH). Additional

material: Argentina, Misiones, Arroyo Co-

ati, 15 km E of San Jose, 6 5$, 18-19 Nov
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Figs. 27-3 L Anacroneuria oculatila Jewett: 27-29, male; 27, hammer; 28-29, penial armature, dorsal and

lateral; 30, female, sterna 8 and 9; 31, 2 eggs.

1973, O. S. Flint, Jr. (NMNH); Arroyo Pi-

ray-Guazu, N of San Pedro, 1 6,2 5 ?, 22

Nov 1973, O. S. Flint, Jr. (NMNH).
Adult habitus.—General color brown to

brownish-ochraceous. Posterior frons most-

ly ochraceous, contrasting with brown area

anteriorly. M-line, clypeal area and part of

anterior frons, as well as parietalia light in

color; lappets brown. Antennae and palpi

brown to light brown. Pronotum brown
with paler brown to yellowish mid-stripe.

Legs brown, except yellowish bases of fem-

ora, as in preceding species. Wing mem-
brane and veins medium brown, C and R-

Ri hghter, Sc darker basally and paler dis-

tally. Wings with a lighter spot in distal

half. Basal cercomere light, following ones

brown but intermediate cercomeres may be

bicolored.

Male.—Forewing length, 8.3 mm. Ham-
mer (Fig. 27) a short truncate cone, wider

than high. Penial armature (Figs. 28-29), in

dorsal/ventral views, tapering to a truncate

apex but with subapical shoulders. Dorsal

keel low, V-shaped, vertex distal. Hooks

evenly curved, relatively long, tips pointed.

Female.—Forewing length of female

paratype, 11.4 mm, those of other females,

11.0-12.7 mm. Subgenital plate (Fig. 30)

4-lobed, lobes of similar size. Posterior

sclerotized bar of St9 thin, with shallow

median emargination; lateral hairs long,

strong.

Egg.—0\Si\, ca 0.17 by 0.30 mm (Fig.

31), posterior pole narrow.

Remarks.—As stated by Jewett (1959),

the head pattern, with its ochraceous area

in front of the ocelli, and the light spots in
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the wings distinguish this species. The pe-

nial armature is distinguished by by the

low, V-shaped keel and long hooks.

Anacroneuria plaumanni Jewett

Figs. 32-38

Anacroneuria plaumanni Jewett, 1959: 154,

fig. 13 [head and pronotum].

Anacroneuria ampla Jewett, 1959: 156, fig.

10 [head and pronotum]. New synonym.

Material examined.—A. plaumanni - Ho-

lotype, ? Brazil, Santa Catarina, Nova Teu-

tonia, Nov 1955, F. Plaumann (CAS). Al-

lotype S same data as holotype but Oct

1956. A. ampla—Holotype, 9 Nova Teu-

tonia, Nov 1955, F. Plaumann (CAS). Par-

atype, ? lb., Oct 1956, F. Plaumann
(Zwick). Additional specimens: lb., 1 $,

Jan 1975 (NMNH). Argentina, Misiones,

Arroyo Piray-Guazu, N of San Pedro, 2

5 ? , 22 Nov 1973, O. S. Fhnt, Jr. (NMNH).
Adult habitus.—General color brown.

Head (Fig. 32) mostly brown, M-line, ten-

torial scars and parietalia yellowish, M-line

broken or entire. Antennae brown to dark

brown, palpi lighter. Pronotum (Fig. 32)

brown with light median stripe. Wing mem-
brane hyaline, light brown, veins ochra-

ceous to light brown, C and R, pale brown,

Sc somewhat darker. Legs brown. Cerci

brown from base.

Male.—Forewing length of A. plaumanni

allotype, 13.8 mm. Hammer (Fig. 33) short,

conical. Penial armature (Figs. 34-35), in

dorsal view, with distal half tapering to a

blunt apex; hooks regularly curved with

pointed tips. In side view, dorsal keel low,

apex rounded, a pair of ventral vesicles pre-

sent.

Female.—Forewing length of A. plau-

manni holotype, 17.1 mm; of A. ampla ho-

lotype, 19.4 mm, from other specimens,

17.5-19 mm. Subgenital plate of A. plau-

manni holotype (Fig. 36) 4-lobed with a rel-

atively deep median notch; that of A. ampla
(Fig. 37) with much smaller lobes and a

shallow median notch. St. 9 with distal mar-

gin sinuous to almost straight, slightly

sclerotized. A 'T' present, with the usual

patches of larger setae laterally.

Egg.—Elongate ovoid, about 0.20 by

0.42 mm (Fig. 38).

Remarks.—A. plaumanni and A. ampla

agree in size, color pattern, details of St9,

shape of eggs and are sympatric. There is a

variation in the shape of the subgenital plate

lobes, but other specimens of the material

examined show more intermediate condi-

tions, so I consider the second to be a syn-

onym of A. plaumanni.

Anacroneuria polita (Burmeister)

Figs. 39-44

Perla polita Burmeister, 1839: 880.

Anacroneuria polita.—Zwick, 1972: 1163,

fig. 5a [penial armature].

Material examined.—Holotype: <?, Bra-

zil, Museum Halle. Aditional material: Bra-

zil, Parana, Rio dos Patos, 3 km E of Pru-

dentopolis, \ 6,2 Mar 1969, W. L. & J. G.

Peters (NMNH). Santa Catarina, Corupa
(formerly Hansa-Humboldt), 1 ?, 29 Mar;

1?,25 Apr; \6,\ 9, 12 Sep; 1 9, 13 Sep;

1 9, 20 Sep; 19,4 Oct; 7 9 9, 19 Oct; 2

9 9, 31 Oct; 3 9 9,2 Nov; 19,4 Nov; 1

S, 5 Nov; 3 9 9, 10 Nov; 1 9, 17 Nov; 3

9 9,18 Nov; 19,3 Dec; 5 9 9,7 Dec; 1

(?, 1 9, 8 Dec; 99 9, 9 Dec; 1 9 10 Dec;

3 9 9, 13 Dec; 1 9, 20 Dec 1928; 2 SS,
5 9 9, 6 Jan; 1 6, 7 Jan; 2 6S, \ 9, 12

Jan; 1 6,3 9 9,2 Feb; 3 9 9, 19 Feb; 2

9 9,3 Mar; 2 9 9,9 Mar; 2 66,1 Apr; 1

9, 14 Aug 1929, Ehrhardt (SMF); lb., 3

9 9, 13 Sep 1928; 1 6, 1 Jan 1929; 2 6 6,

2 Feb 1929 (Zwick). Argentina, Misiones,

Arroyo Piray-Guazu, N of San Pedro, 1 9

,

22 Nov 1973, O. S. Flint (NMNH).
Remarks.—The type has been described

and the penial armature figured by Zwick
(1972), who, in addition, identified as this

species 8 males from Corupa. A reexami-

nation of the material from this locality has

shown that it comprises, besides a few
more males, a considerable number of fe-

males. Here are presented figures of the

head and pronotum (Fig. 39) of the holo-
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Figs. 32-38. Anacroneuria plaumanni Jewett: male allotype, 32, head and pronotum; 33, hammer; 34-35,

penial armature, dorsal and lateral; 36, female holotype, sterna 8 and 9. A. ampla: female holotype. 37, sterna

8 and 9; 38, egg.

type, hammer (Fig. 40) and penial arma- Anacroneuria subcostalis Klapalek

ture (Figs. 41-42) of the specimen from Figs. 45-46

Rio dos Patos and female subgenital plate

(Fig. 43) and egg (Fig. 44) from specimens Anacroneuria subcostalis Klapalek, 1921:

from Corupa. 326.—Jewett, 1960: 174.
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Figs. 39-44. Anacroneuria polita (Burmeister): 39, male holotype, head and pronotum; 40-42, male from

Rio dos Patos; 40, hammer; 41-42, penial armature, dorsal and lateral; 43-44, female from Corupa; 43, sterna

8 and 9; 44, egg.

Material examined.—Brazil, Espirito ter Supply, 950 m, 1 2, 24 Apr 1973, O.

Santo, 2 9? syntypes, ex coll. Fruhstorfer S. Flint (NMNH).
(NHMW). Additional material: Brazil, Rio Adult habitus.—The color pattern of this

de Janeiro, Nova Friburgo, Municipal Wa- light-colored species with a lighter window
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in the forewings is very distinctive and has

been sufficiently described by Klapalek

(1921) and Jewett (1960).

Male.—Unknown.
Female.—Forewing length, 13.7-14.2

mm. Subgenital plate (Fig. 45) 4-lobed,

contour moderately wavy, with a certain

variation among individuals. St9 with more

sclerotized posterior border, almost straight

or with median emargination; fields of

stronger hairs dense.

Egg.—Owal, 0.36-0.38 by 0.20-0.21

mm (Fig. 46), posterior pole blunt.

Remarks.—This is a common species is

southeastern Brazil; Jewett (1960) lists also

2 females from Amazonas State. In a future

paper a list of localities and also a descrip-

tion of the male genitalia will be given.

Anacroneuria tinctilamella Jewett

Figs. 47-49

Anacroneuria tinctilamella Jewett, 1959:

154, figs. 7, 7A [head and pronotum, ster-

na 8 and 9].

Material examined.—Paratypes: Brazil,

Santa Catarina, Nova Teutonia, 4 9?, Nov
1955, F Plaumann (NMNH); 7 ??, Jan

1956 (Zwick). Additional material: lb., 14

2 5,8 Nov 1955 (NMNH); 1 ?, Nov 1962,

1 2, Dec 1962 (CAS). Material uncertainly

belonging to this species: Parana, Rio dos

Patos, 3 km E of Prudentopolis, 1 ? , 2 Mar
1969, 12,3 Mar 1969, W. L. & J. G. Peters

(NMNH). Argentina, Misiones, Arroyo Co-

ati, 15 km E of San Jose, 5 ? ?, 18-19 Nov
1973, O. S. FUnt, Jr. (NMNH); Arroyo Pi-

ray-Mini, W of Dos Hermanas, 5 2 ? , 23

Nov 1973, O. S. Fhnt, Jr (NMNH).
Adult habitus.—General color light

brown. Frons mostly brownish; commonly
a transverse yellowish band including the

M-line and a narrow lighter median stripe

that extends to near ocelli; areas at sides of

ocelli including part of the tentorial scars

and at sides of eyes light. Lappets dai'k.

Parietalia light. Antennae and palpi medium
brown. Pronotum light brown with scat-

tered small darker spots; a median yellow-

ish stripe present. Legs uniformly light to

medium brown. Wing membrane and veins

light to medium brown; C and Sc paler.

Cerci brownish from base.

Male.—Unknown.
Female.—Forewing length, 10.3—11.9

mm in = 27, X = 10.87 mm). Subgenital

plate (Fig. 47) brown, ventral tergal portion

also brown, posterior margin 4-lobed, me-

dian notch usually deeper than lateral ones.

"T" of St9 also brown, as the adjoining

tergal portions. Lateral patches of larger

hairs present but of moderate length.

Egg.—Oval, with narrowed posterior

pole, showing variation among those of dif-

ferent individuals, 0.21-0.24 by 0.37-0.40

mm (Figs. 48-49).

Remarks.—The brown subgenital plate

and St9 are characteristic. The females list-

ed as uncertainly belonging to this species

agree as regards the subgenital plate and

St9, but lack the transverse light band on

the head, and specimens from Argentina

have bicolored femora and cereal segments.

Without associated males, it is not possible

to make a reliable identification.

Anacroneuria trimacula Jewett

Figs. 50-54

Anacroneuria trimacula Jewett, 1959: 155,

fig. 11 [head and pronotum].

Material examined.—Paratype: Brazil,

Santa Catarina, Nova Teutonia, 12,11 Oct

1955, F Plaumann (NMNH). Additional

material: lb., 1 2, Nov 1955 (Zwick); 1 S,

Nov 1962 (CAS); 17 2 2, Jan 1975

(NMNH). Santa Catarina, Corupa, 29 c?, W.

Ehrhardt (SMF), as follows: 1 <?, 12 Sep

1928; 1 (?, 13 Sep 1928; 1 c?, 4 Nov 1928;

3 SS, 5 Nov 1928; 1 S, 14 Nov 1928; 1

S, 17 Nov 1928; 2 6 6 , 25 Nov 1928; 3

c?c?, 3 Dec 1928; 3 SS,1 Dec 1928; 1 S,

8 Dec 1928; 3 dc?, 9 Dec 1928; 1 c?, 10

Dec 1928; 4 (?(?, 6 Jan 1929; 1 c?, 11 Feb

1929; 1 6, 16 Feb 1929; 1 6, 19 Feb 1929;

1 6. 7 Apr 1929. lb., 3 SS, U Sep 1928

(Zwick). Argentina, Misiones, Anoyo Co-
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Figs. 45-49. Anacroneuria subcostalis Klapalek, female: 45, sterna 8 and 9; 46, egg. A. tinctilamella Jewett:

female from Nova Teutonia, 47, sterna 8 and 9, 48, egg; 49, female from Misiones, egg.

ati, 15 km E of San Jose, 3 c? c?, 3 ? 5, 18-

19 Nov 1973, O. S. Flint, Jr. (NMNH); Ar-

royo Liso, 8 km W of General Guemes, 7

5 9, 19 Nov 1973, O. S. Flint, Jr. (NMNH);
Arroyo Saura, 9 km N of L.N. Alem, 1 2

,

20 Nov 1973, O. S. Flint, Jr. (NMNH); Ar-

royo Piray Guazu, N of San Pedro, 1 2 , 22

Nov 1973, O. S. Flint, Jr. (NMNH); Arroyo
Piray Mini, W of Dos Hermanas, 2 6S, 18

2 2, 23 Nov 1973, O. S. Flint, Jr. (NMNH).
Paraguay, Paraguari, Parque Nacional Yby-

cui, 1 2, 23 Mar 1981, R. D. Cave
(NMNH).

Adult habitus.—General color brown to

dark brown. Frons with approximately tri-

angular light area touching the mostly light

M-line. A pair of light areas, including the

tentorial scars, laterally to the ocelli; par-

ietalia mostly light. Pronotum brown, me-
dian stripe yellowish to light brown. Fem-
ora brown with light bases more extensive

from fore to hind femora, in these ca. half
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Figs. 50-54. Anacroneuria trimacula Jewett: 50-52, male from Corupa, 50, hammer, 51-52, penial armature,

dorsal and lateral; 53—54, female from Misiones; 53, sterna 8 and 9; 54, egg.
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of femora light. Tibiae and tarsi brown.

Wing membrane and veins brown, but C.

Sc and R-R, may be paler. Cerci brown ba-

sally, then bicolored.

Male.—Forewing length, 10.6-12.2 mm.
Hammer (Fig. 50) a truncate cone a little

higher than half its base diameter. Penial

armature (Figs. 51-52) tapering to apex;

hooks with a regular curvature and pointed

tips. Dorsal keel short, low. Pair of small

subapical ventral vesicles present.

Female.—Forewing length, 14.0-17.1

mm. Subgenital plate (Fig. 53) four-lobed,

lateral notches shallow, median one deeper.

St9 with more or less straight posterior

sclerotized band; median band long, with

small setae, lateral patches with stron, dense

setae.

Egg.—Ca. 0.25 by 0.36 mm, with broad-

ly rounded posterior pole (Fig. 54).

Remarks.—The head color pattern read-

ily separates this species. The penial ar-

mature bears some resemblance to that of

A. polita, but this species is much smaller

and has a different color pattern.

Anacroneuria cathia, new species

Figs. 55-60

Material examined.—Holotype, S Bra-

zil, Santa Catarina, Nova Teutonia, Nov
1962, F Plaumann leg. (CAS). Paratypes:

lb., 1 ?, 29 Oct 1948; 1 9, 23 Oct 1955;

1 2, Nov 1955; 1 S, 2 5 2, Nov 1956

(Zwick).

Adult habitus.—General color light-me-

dium brown. Frons (Fig. 55) medium
brown but lighter at clypeal area, laterally

to ocelli and nccir eyes. M-line lighter but

not conspicuous. Lappets darker posterior-

ly. Parietalia mostly light. Palpi light

brown, antennae medium brown to brown.

Pronotum (Fig. 55) medium brown with

yellow to ochraceous median stripe. Wing
membrane ochraceous-brown, veins light

brown; C and Sc light brown basally and

paler distally; R-R, pale basally, R, darker

at and beyond anastomosis. Legs brown,

bases of femora light, metafemora light for

about half its length. Basal segments of cer-

ci light, rest brownish, may be bicolored.

The male type is lighter in colour, the pos-

terior frons has a pair of large lighter areas

and the wings are ochraceous. It seems to

be teneral.

Male.—Forewing length, 11.1 mm (type)

and 11.5 mm. Hammer (Fig. 56) a truncate

cone lower than wide. Penial armature

(Figs. 57-58), in dorsal/ventral views,

slanting backwards gradually up to level of

distal portions of hooks, then narrowing

abruptly, apical portion subparallel. In side

view, apex truncate. Ventrally, a pair of

large vesicles. Hooks with regular curve,

tips pointed. Dorsal keel low.

Female.—Forewing length, 12.5-15.2

mm. Subgenital plate (Fig. 59) four-lobed,

median incision deeper than lateral ones.

Vaginal sclerite as in Fig. 59. Posterior mar-

gin of St9 concave with thin sclerotized

strips; lateral limits also more scerotized.

Setal distribution as in A. fuscicosta.

Egg.—Elongate oval, ca. 0.36 by 0.20

mm, posterior pole simple (Fig. 60).

Remarks.—Externally similar to A. fus-

cicosta but the pronotum tends to have a

well-defined yellowish median stripe. In the

female, St9 is concave, as in A. debilis. The
eggs, however, contrast with the plumper

ones of A. debilis, and also, in relation to

A. fuscicosta, in having a simple posterior

end. The penial armature defines well the

species.

Etymology.—From the name of the State

of Santa Catarina.

Anacroneuria coscaroni, new species

Figs. 61-66

Material examined.—Holotype, S Ar-

gentina, Entre Rios, Salto Grande, Rio Uru-

guay, 16 Nov 1973, O. S. Flint, Jr.

(NMNH). Paratypes: Same data as holo-

type, 8 SS, 6 2$; same locality, \ S, \

2, 10 Feb 1973, S. Coscaron (NMNH).
Adult habitus.—General color brownish

ochraceous to brown, females usually paler.

Frons (Fig. 61) darker medially, often dark-
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60

Figs. 55-60. Anacroneuria cathia, new species: 55, male paratype, head and pronotum; 56-58. male holo-

type; 56, hammer; 57-58, penial armature, dorsal and lateral: 59, female, sterna 8 and 9; 60, egg.
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est in front of M-line; clypeal area, lappets

and lateral parts light. From between the

ocelli forwards, a narrow median lighter

stripe. Parietalia light. Head pattern sub-

dued in some specimens. Antennae and pal-

pi brownish in males, yellowish in females.

Pronotum (Fig. 61) brownish but median

stripe and margins light brown to yellowish.

Legs brownish in males, yellowish in fe-

males. Forewing membrane light brown to

pale greyish, veins ochraceous to pale. Cer-

ci light brown, sometimes darker distally.

Male.—Forewing length, 11.6—14.1 mm.
Hammer (Fig. 62) in ventral view a short

truncate cone ca. 0.1 mm in length; in side

view, a short cylinder. Penial armature (Figs

63-64), in dorsal view, tapering from base

to blunt apex; hooks regularly curved, tips

pointed; dorsal keel low. In side view, por-

tion distal to hooks sloping downwards;

ventrally, a pair of small vesicles.

Female.—Forewing length, 14.1—18.4

mm. Subgenital plate (Fig. 65) 2-lobed. St9

relatively narrow, a "T" not marked off.

Egg.—Oval, 0.21-0.22 by 0.36 mm (Fig.

66).

Remarks.—This is a medium-large spe-

cies. Some specimens are much darker, but

in all the general color pattern and also

male and female terminalia are concordant.

The head pattern, when well-defined, is dis-

tinctive, recalling that of A. impensa by the

light median frontal stripe, but their geni-

talia are different. In the male, the shape of

the penial armature recalls that of A. tri-

macula, which is smaller and has a very

different color pattern. In the female, the 2-

lobed subgenital plate is similar to that of

A. dilaticollis, which is smaller and has a

different color pattern.

Etymology.—The name honors the Ar-

gentinian entomologist S. Coscaron.

Anacroneuria flintorum, new species

Figs. 67-70

Material examined.—Holotype, S Bra-

zil, Rio de Janeiro, Nova Friburgo, Munic-

ipal Water Supply, 950 m, 24 Apr 1977, C.

M. & O. S. Flint, Jr. (NMNH).
Adult habitus.—General color brown.

Frons brown but M-line, scars, parts of

clypeal area and areas bordering eyes ligh-

ter (Fig. 67). Parietalia lighter brown except

where adjoining dark frons; areas posterior

to eyes also darker. Antennae brown, palpi

medium brown. Pronotum (Fig. 67) dark,

rugosities mostly a shade lighter. Legs

brown, metafemora lighter basally. Wing
membrane and veins brown but C and Sc

lighter apically. Cerci brown basally, then

bicolored.

Male.—Forewing length, 11.0 mm.
Hammer (Fig. 68) a low cone. In dorsal

view, penial armature (Figs. 69—70) taper-

ing progressively to tip, this with an apical

notch. Hooks cuving rather strongly, tips

pointed. Dorsal keel transverse. In side

view, from the keel the dorsal contour

curves regularly to the tip. Ventrally, a pair

of vesicles.

Female and egg.—Unknown.
Remarks.—The color pattern is not very

distinct from that of the also dark A. polita.

The penial armature recalls that of A. polita

but the hooks are more strongly bent and

instead of a low longitudinal keel, there is

a transverse one.

Etymology.—The name honors Oliver S.

Flint, Jr. for his contribution to the knowl-

edge of Brazilian caddisflies, and his wife

Carol.

Anacroneuria stanjewetti, new species

Figs. 71-76

Material examined.—Holotype, S Bra-

zil, Santa Catarina, Nova Teutonia, F Plau-

mann leg. (CAS). Paratypes: lb., 1 S, 3

? 5, Jan 1956; 2 5 ?, Oct 1960; 1 6, Nov
1962; 2 $ 2, Dec 1962; 1 9, Nov 1963; 2

SS, 2 2 2, Jan 1964 (CAS); 1 c?, 1 2, Jan

1975 (NMNH). Argentina, Entre Rios, Sal-

to Grande, Rio Uruguay, 1 c?, 16 Nov 1973,

O. S. Flint, Jr. (NMNH). Misiones, Arroyo
Piray-Mini, W of Dos Hermanas, 2 S S,23
Nov 1973, O. S. Flint, Jr. (NMNH).
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Figs. 61-66. Anacroneuria coscaroni, new species: 61-64, male; 61, head and pronotum; 62, hammer; 63-

64, penial Eirmature, dorsal and lateral; female, sterna 8 and 9; 66, egg.
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Figs 61—10. Anacroneuria flintorum, new species, male: 67, head and pronotum; 68, hammer; 69-70, penial

armature, dorsal and lateral.

Adult habitus.—Head (Fig. 71) brown
and ochraceous or yellowish. Posterior

frons brown but lighter at M-line; lighter

area often forming a wedge into the brown
area, giving it a broad Y-shape. M-line

light. Lappets brown, anterior frons brown
but often with light markings. Parietalia

light, often brownish behind eyes. Antennae

brown; basal fourth of flagellum may be

lighter. Palpi light brown. Pronotum (Fig.

71) brown, in several specimens with very

thin light median stripe. Legs brown, me-
tafemora half to two-thirds lighter basally.

Wing membrane and veins brownish, C pal-

er, Sc and R-Rj darker in some specimens.

Cerci brown, lighter basally, often bicol-

ored distally.

Male.—Forewing length, 8.0-9.5 mm.
Hammer (Fig. 72) a short truncate cone,

about as tall as half its basal width. Penial

armature (Figs. 73-74) in dorsal/ventral

view tapering gradually to near apex, then

narrowing abruptly. Dorsal keel transverse.

Hooks regularly curved, with blunt tips. In

side view, from keel, a marked curvature

that ends in pointed apex; ventrally, a large

vesicle.

Female.—Forewing length, 12.3-13.5

mm. Subgenital plate (Fig. 75) four-lobed,

median incision deeper than lateral ones,

lateral lobes broader than median ones. Su-

bgenital plate light brownish, posterior bor-

der darker. St9 broadly concave, setal dis-

tribution similar to that of A. fuscicosta.
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Figs 71-76. Anacroneuria stanjeweiti, new species: 71, female, head and pronotum; 1\-1A. male; 72, ham-

mer; 13-14, penial armature, dorsal and lateral; 75, female, sterna 8 and 9; 76, egg.
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Egg.—Elongate oval, about 0.42 by 0.19

mm (Fig. 76), posterior pole darkened,

sometimes somewhat elongate, peg-like,

but not forming a long peg as in A. fusci-

costa.

Remarks.—This species is similar to A.

fuscicosta but in specimens in which the

head has a well-defined dark Y on the frons,

the separation is not difficult. The male has

a very different penial armature. The eggs,

although with a darkened posterior pole,

sometimes elongated, do not have the long

peg of A. fuscicosta.

Etymology.—The name honors Stanley

G. Jewett, Jr., who advanced the knowledge

of Brazilian stoneflies.

Anacroneuria petersi, new species

Figs. 77-81

Material examined.—Holotype, S Bra-

zil, Sao Paulo, Santo Andre, Estagao Biol-

ogica de Paranapiacaba, 15 Oct 1963, C. G.

Froehlich (MZSP). Paratypes: Same data as

holotype, 1 S . Parana, Marumbi, Rio Mar-

umbi, 490 m, 1 9, 15-16 Feb 1969, W. L.

& J. G. Peters (NMNH).
Adult habitus.—Head (Fig. 77) with dis-

tinctive pattern. Frons with a broad band

that tapers anteriorly and ends in an arc

whose points almost touch the margin; M-
line a shade paler; sides of frons yellowish.

Parietalia brown and yellowish. Antennae

and palpi yellowish. Pronotum (Fig. 77)

brown with paler areas at lateral margins.

Legs yellowish except for dark saddle at

apex of femora. Wing membrane and veins

pale yellowish. Cerci yellowish.

Male.—Forewing length of holotype, 9.0

mm, of paratype, 9.2 mm. Hammer (Fig.

78) a truncate cone a little shorter than basal

diameter. Penial armature (Figs. 79-80) in

dorsal view tapering from base to apex;

hooks regularly curved with pointed tips.

Dorsal keel low, in dorsal view appearing

as 2 convex lines meeting distally. In side

view, basal opening wide, narrowing
strongly to mid portion; apical portion nar-

rowing to a point; on ventral side, a pair of

membranous vesicles.

Female.—Forewing length, 11.4 mm.
Subgenital plate (Fig. 81) with 4 equal

lobes. St9 with moderately strong bristles

and a broadly concave posterior margin.

Vaginal sclerite not seen.

Egg.—Unknown.
Remarks.—The color pattern is distinc-

tive and uncommon, with a mostly brown
head and thorax against pale appendages,

including the wings. In the male, the penial

armature has no special features and resem-

bles that of A. fuscicosta. In the female, the

terminalia also have no very distinctive fea-

tures.

Etymology.—The name honors William

L. Peters for his contribution to the knowl-

edge of Brazilian mayflies, and who died

untimely in February 2000.

Anacroneuria rondoniae, new species

Figs. 82-86

Material examined.—Holotype, S Bra-

zil, Rondonia, creek 8 km S of Cacaulandia,

21 Nov 1991, D. Petr (NMNH). Paratypes:

Same data as holotype, 7 S S , 5 9 2

(NMNH).
Adult habitus.—Head (Fig. 82) brown or

light brown to pale brown. Central frons

pale; anterior frons mostly light brown;

posterior frons, parietalia and area contig-

uous to eyes light brown to pale, varying

among specimens, pigment in part reticu-

late. Antennae and palpi whitish. Pronotum

(Fig. 82) with pale median band, lateral

parts brownish with paler areas. Legs un-

pigmented, whitish, except for knee cap of

femora. Wings unpigmented, milky. Cerci

with unpigmented cuticle but brownish

hairs.

Male.—Forewing length 9.1-9.7 mm.
Hammer (Fig. 83) cylindrical. Penial ar-

mature (Figs. 84-85) with pointed hooks;

subapically, a pair of brownish projections;

dorsal keel low, parenthesis-like in dorsal

view; apex, in dorsal view, broad with
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Figs. 77-8 L Anacroneuria petersi, new species: 77-80, male holotype; 77, head and pronotum; 78, hammer;

79—80, penial armature, dorsal and lateral; 81, female from Rio Marumbi, sterna 8 and 9.

small median indentation, more pointed in

side view. Ventral vesicles small.

Female.—Forewing length 12.2-13.2

mm. Subgenital plate (Fig. 86) brownish, 4

subequal distal lobes. St9 with relatively

long bristles on lateral fields, distal margin

almost straight. Laterotergites brownish.

Vaginal sclerite as shown.

Egg.—Unknown.
Remarks.—The color pattern, with the

large pale areas on the head, the unpig-

mented antennae, palpi and legs, and the

milky wings, is distinctive. So is the shape

of the penial armature, with the lateral pro-

cesses. In the female, the brownish subgen-

ital plate is not common.

Etymology.—Belonging to Rondonia, the

State in which it was collected.

Anacroneuria saltensis, new species

Figs. 87-92

Material examined.—Holotype, 6 Ar-

gentina, Salta, Pena Baya, Canada La Go-

tera, 16-17 Oct 1973, O. S. Flint (NMNH).
Paratypes: Same data as holotype, 6
(NMNH); La Vifia, 5 9 ?, 25 Nov 1983, L.

E. Pena (NMNH).
Adult habitus.—Head (Fig. 87) mostly

yellowish; from near to ocelli and scars

light to pale brown; in front of M-line light

brown. Parietalia yellowish. Antennae and
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Figs. 82-86. Anacroneuria rondoniae, new species: 82-85, male; 82, head and pronotum; 83, hammer, 84-

85, penial armature, dorsal and lateral; 86, female, sterna 8 and 9.
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palpi brown in males, lighter in females.

Pronotum (Fig. 87) yellowish, with pair of

sublateral brownish bands. Legs yellowish

to pale brown. Forewing membrane pale

ochraceous, veins light brown, C pale, Sc

brownish. Cerci pale to light brown.

Male.—Forewing length of holotype,

15.2 mm, of paratype, 15.5 mm. Hammer
(Fig. 88) cylindrical, ca. 0.12 mm long. Pe-

nial armature (Figs. 89-90) with pointed

hooks; dorsal keel a relatively high hump;

sides of armature at level of keel brownish;

apex rounded.

Female.—Forewing length 17.3-18.2

mm. Subgenital plate (Fig. 91) 4-lobed, me-

dian notch deep. St9 with T-shaped fields

of hairs, lateral longer hairs moderately

dense; some long hairs at margin. Margin

broadly concave, with sclerotized stripe.

Egg.—Elongate oval, posterior pole

broadly rounded (Fig. 92).

Remarks.—This is a medium-large, light-

colored species. The penial armature with

its high hump is distinctive. In the female,

the deep median notch is not common.
Etymology.—In reference to the Salta

Province of Argentina.

Anacroneuria caraja, new species

Figs. 93-96

Material examined.—Holotype, 6 Bra-

zil, Para, Rio Xingu camp (52°22'W,

3°39'S), ca. 60 km S of Altamira, 1-21 Oct

1986, R Spangler & O. S. Flint (NMNH).
Adult habitus.—General color whitish.

Head and pronotum (Fig. 93) pale, prono-

tum with slightly darker patches. Palpi pale,

antennae brown, flagellum in pcirt ringed.

Femora pale, indistinctly bicolored; tibiae

and bases of tarsi light brown, apices of tar-

si brown. Forewing membrane pale ochra-

ceous, most veins light brown but C, Sc and

R-Rj pale, R, darker at and beyond anas-

tomosis. Cerci pale.

Male.—Forewing length, 11.2 mm.
Hammer (Fig. 94) a truncate cone ca. 0.14

mm long. Penial armature (Figs. 95-96)

more sclerotized subapically, with a pair of

conspicuous shoulders; a dorsal keel absent.

Hooks regularly curved, with pointed tips.

Female and egg.—Unknown.
Remarks.—The combination of the pale

color with the shoulders of the penial ar-

mature and lack of dorsal keel distinguishes

this species.

Etymology.—The name of an Indian tribe

in central Brazil—a noun in apposition.

Anacroneuria toriba, new species

Figs. 97-100

Material examined.—Holotype, S Bra-

zil, Sao Paulo, Campos do Jordao, Dec
1945, J. Lane (NMNH).
Adult habitus.—General color brown.

Head pattern (Fig. 97) similar to that of A.

debilis: Frons dark brown, but M-line,

scars, area lateral to ocelli and borders of

eyes reddish-brown; clypeal area also light-

er. Parietalia reddish brown. Palpi and an-

tennae dark brown. Pronotum (Fig. 97)

brown with lighter median stripe. Legs

brown. Wing membrane and veins brown;

C and Sc lighter distally. Cerci reddish

brown basally, then brown.

Male.—Forewing length, 10.6 mm.
Hammer (Fig. 98) almost cylindrical, about

as long as wide. In dorsal/ventral views, pe-

nial armature (Figs. 99-100) subparallel,

narrowing abruptly to end piece. Dorsal

keel a hump in side view, a V opening dis-

tally in dorsal view. Hooks pointed. Disto-

ventrally, a membranous vesicle.

Female and egg.—Unknown.
Remarks.—The head pattern is similar to

that of A. debilis. The penial armature re-

calls that of A. stanjewetti, but the subapical

hump is different and the hooks are pointed.

Etymology.—Toriba, from the Tupy lan-

guage, meaning joy, feast, a noun in appo-

sition.

Anacroneuria uyara, new species

Figs. 101-106

Material examined.—Holotype, 6 Bra-

zil, Santa Catarina, Nova Teutonia, Jan

1975, F Plaumann (NMNH). Paratypes:
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Figs. 87-92. Anacroneuria saltensis, new species: 87-90, male; 87, head and pronotum; 88, hammer; 89-

90, penial armature, dorsal and lateral; 91, female, sterna 8 and 9; 92, three eggs.
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Figs. 93-96. Anacroneuria caraja, new species, male: 93, head and pronotum; 94, hammer; 95-96, penial

armature, dorsal and lateral.

Brazil, Santa Catarina, Nova Teutonia, 1 5

(as paratype of A. ampla), Oct 1956, F.

Plaumann (Zwick); same data as holotype,

2 6 S, 26 9 9 (NMNH). Parana, Rio dos

Patos, 3 km E of Prudentopolis, \ S ,2 Mar
1969, W. L. & J. G. Peters (NMNH). Ar-

gentina, Entre Rios, Salto Grande, Rio Uru-

guay, 1 c?, 16 Nov 1973, O. S. Flint, Jr.

(NMNH).
Adult habitus.—General color brown.

Males darker than females. Frons (Fig. 101)

mostly brown, part of clypeal area, M-line

and tentorial scars lighter. Parietalia yellow-

ish to light brown. Antennae brown, palpi

lighter. Pronotum (Fig. 101) brown, median

light stripe well-defined or not. Legs brown,

femora may be lighter, especially basally.

Wing membrane and veins light brown to

brown, hyaline. C, Sc and R-R, lighter. Cer-

ci brown, basal segments lighter, from ca.

mid-length bicolored, but apical ones may
be brown.

Male.—Forewing length 12.3-14.2 mm.
Hammer (Fig. 102) a short truncate cone.

Penial armature (Figs. 103-104) with even-

ly curved hooks, their tips pointed. In side

view, dorsal keel forms a pre-apical hump;

ventrally, a pair of membranous vesicles.

Female.—Forewing length, 16.8-19.7

mm. Subgenital plate (Fig. 105) 4-lobed,

median notch deeper than lateral ones and

bottom rounded or pointed. Posterior mar-

gin of St9 membranous, with hairs; lateral

hair patches dense, hairs relatively short.

Egg.—Plump, ca. 0.28 by 0.36 mm (Fig.

106).

Remarks.—In color pattern and size this

species is similar to A. plaitmaimi. They
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Figs. 97-100. Anacroneuria toriba, new species, male: 97, head and pronotum; 98, hammer; 99-100, penial

armature, dorsal and lateral.

may be readily distinguished by the penial

armature and eggs. The penial armature of

A. uyara recalls that of A. debilis, a sym-
patric but much smaller species. The plump
eggs are also similar to those of A. debilis.

Etymology.—Uyara, a water nymph of

Tupy lore, a noun in apposition.

Anacroneuria xinguensis, new species

Figs. 107-112

Material examined.—Holotype, 6 Bra-

zil, Para, Rio Xingu camp (52°22'W,

3°39'S), ca. 60 km S of Altamira, 1-21 Oct

1986, P. Spangler & O. S. Flint (NMNH).
Paratypes: Same data as holotype, 2 S 6 ,2
9 2; same, but 14 Oct 1986, 2 9?.
Adult habitus.—General color very pale

brown to whitish. Head (Fig. 107) pale; fla-

gellum of antermae with bicolored segments

pale and light brown; palpi light to medium
brown. Pronotum (Fig. 107) with sublateral

pale brown stripes. Femora yellowish, tib-

iae and tarsi more yellowish. Wings clear,

veins pale brown but C, Sc and R-R, un-

pigmented. Basal cercomeres unpigmented,

rest yellowish.

Male.—Forewing length, 8.8-9.5 mm.
Hammer (Fig. 108) a truncate cone about

as high as basal diameter. In dorsal view,

penial armature (Figs. 109-110) tapering

more strongly in basal fourth, then more
gradually to rounded apex. Hooks regularly

curved, tips pointed. Dorsal keel low, with

spinules. In side view, apical tip blunt; on

ventral side, a pair of vesicles.

Female.—Forewing length, 10.4-11.2

mm. Subgenital plate (Fig. Ill) with me-

dian notch only; vaginal sclerite as shown.
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Figs. 101-106. Anacroneuria uyara, new species: 101-104, male holotype; 101, head and pronotum; 102,

hammer; 103-104, penial armature, dorsal and lateral; 105, female, sterna 8 and 9; 106, egg.

St9 with pair of patches with moderately

long hairs.

Egg.—Oval, ca. 0.21 by 0.35 mm (Fig.

112).

Remarks.—This species is similar to An-

acroneuria genualis (Navas) 1932 from

Sao Martinho, Rondonia, on the banks of

the Guapore River. A. genualis, however, is

more yellowish and the pronotum lacks the

sublateral stripes. The forewing is 1 1.7 mm
long. These are small differences, but as the

single specimen of the latter has lost the

abdomen, a decision is impracticable. In the

male, the penial armature recalls that of A.

trimacula Jewett, but the color pattern is

totally different. In the female, the subgen-
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Figs. 107—112. Anacroneuria xinguensis, new species: 107—110, male; 107, head and pronotum; 108, ham-

mer; 109-110, penial armature, dorsal and lateral; 111, female, sterna 8 and 9; 112, egg.

Anacroneuria ytuguazu, new species

Figs. 113-115

ital plate with only a median incision is un-

common and recalls that of the dark A. pol-

ita (Burmeister).

Etymology.—The name is derived from Material examined.—Holotype S Argen-

the Xingu River. tina, Entre Rios, Salto Grande, Rio Uru-
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114
Figs. 113-115. Anacroneuria ytuguazu, new species, male: 113, head and pronotum; 114-115, penial ar-

mature, dorsal and lateral.

guay, 16 Nov 1973, O. S. Flint, Jr.

(NMNH).
Adult habitus.—General color yellowish.

Head (Fig. 113) pale brown at central frons

and between ocelli, rest yellowish. Palpi

and bases of antennae (rest lost) yellowish.

Pronotum pale brown to yellowish. Legs,

wings and cerci yellowish.

Male.—Forewing length, 9.1 mm. Ham-
mer damaged. Penial armature (Figs. 114-

1 15), in dorsal view, tapering gradually for-

ward to end in truncate tip but with a small

constriction near the distal portion; in side

view, a very low keel. Hooks regularly

curved with pointed tips. On ventral side,

at level of constriction, a pair of vesicles.

Female and egg.—Unknown.
Remarks.—This small-sized light-col-

ored species is distinguished by the male

genitalia, with its very low keel.

Etymology.—The name is a free render-

ing of Salto Grande into Tupy, and is a

noun in apposition.
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Microprosthema jareckii, a new species of stenopodidean shrimp
(Crustacea: Decapoda: Stenopodidea: Spongicolidae) from Guana

Island, British Virgin Islands

Joel W. Martin

(JWM) Research and Collections Branch, Natural History Museum of Los Angeles County, 900
Exposition Boulevard, Los Angeles, California 90007, U.S.A.

Abstract.—A new species of the stenopodidean shrimp genus Microprosthe-

ma Stimpson, M. jareckii, is described from two specimens collected off the

coast of Guana Island, British Virgin Islands. The species differs from known
congeners by the shape and spination of the rostrum, spination of the carapace,

shape of the third pereiopod, dentition of the mandibular palp, and coloration

(the new species is completely white). The new species is compared to all other

known species of Microprosthema in the Caribbean.

Relatively few species of stenopodidean

shrimps have been reported from the Carib-

bean and western Atlantic. Published re-

ports include only six genera and 1 1 spe-

cies. In the genus Stenopus Latreille, 1819,

only two species, S. hispidus (Olivier, 1811)

and S. scutellatus Rankin, 1898, have been

reported. In the genus Richardina A. Milne

Edwards, 1881, /?. spinicincta A. Milne-Ed-

wards 1881, is known from a single speci-

men (Goy 1982). One species of Spongio-

caris Bruce & Baba, 1973, S. hexactinelli-

cola Berggren, 1993, is known from the

Bahamas, Dry Tortugas, and Puerto Rico

(Berggren 1993, and J. Goy, unpublished

data). Two species of the genus Odontozona

Holthuis, 1946 {O. striata Goy, 1981 and

O. libertae Gore, 1981) have been de-

scribed, as have four species of the genus

Microprosthema Stimpson, 1860. The
known species of Microprosthema are M.

semilaeve (von Martens, 1872), M. mannin-

gi Goy & Felder, 1988, M. looense Goy &
Felder, 1988, and M. granatense Criales,

1997 (see Criales 1997 for a review and

key). Criales (1997: 538) lists M. inornatum

Manning & Chace, 1990, among the known
western Atlantic species of Microprosthe-

ma, although to my knowledge M. inorna-

tum is known only from the type locality

(Ascension Island, eastern South Atlantic;

Manning & Chace 1990). Additionally, I

am aware of at least two other undescribed

species of Microprosthema and several un-

published records of Richardina spinicincta

and Stenopus spinosus Risso, 1826 (J. Goy,

unpublished data). Finally, the genus Par-

aspongicola de Saint Laurent & Cleva,

1981, is now known in the Atlantic from

deep waters off Venezuela (J. Goy, pers.

comm. regarding an unpublished finding by

B. Rodriguez Q.). Below I describe a new
species of Microprosthema from Guana Is-

land, British Virgin Islands.

Materials and Methods

The specimens reported below were col-

lected during the course of a biodiversity

survey of the cryptic marine invertebrates

of Guana Island, British Virgin Islands

(18°28'33"N, 64°34'29"W) led by T. L.

Zimmerman and J. W. Martin and funded

by grants from the United States National

Science Foundation and the Falconwood

Corporation. Various collecting methods

were employed during that survey, includ-

ing light traps, hand collecting, and arrays

of artificial reef matrices (ARMs). The
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ARMs consisted of four slabs of concrete,

each approximately 30 X 50 X 6 cm, con-

taining holes of different sizes. The con-

crete slabs were set upon a basket filled

with coral rubble, and the basket was set

into the substrate so that the bottom con-

crete slab was roughly level with the sea

floor. These arrays were deployed at a depth

of 10 m at eight different locations around

Guana Island, and at two locations in shal-

lower water, in the summer of 1999 and

were collected one year later. The two spec-

imens of the new species of Microprosthe-

ma were collected from the ARM deployed

off of Monkey Point, Guana Island, when
that ARM was harvested on 20 July 2000.

Other Caribbean material of the genus was
examined during a visit to the National Mu-
seum of Natural History, Smithsonian In-

stitution, Washington, D.C., in February of

2001, including the following specimens:

holotype (USNM 233997) oi Microprosthe-

ma manningi Goy & Felder, 1988; holotype

(USNM 275993) of Microprosthema gran-

atense Criales, 1997; non-type ovigerous

female specimen (USNM 244439, Baha-

mas) of Microprosthema semilaeve von
Martens. Both specimens of the new spe-

cies have been deposited in the Crustacea

collections of the Natural History Museum
of Los Angeles County (LACM).

Results

Family Spongicolidae Schram, 1986

Genus Microprosthema Stimpson, 1860

Microprosthema jareckii, new species

Figs. 1-5

Material examined.—Holotype: male,

LACM CR 2000 0081, photographic

voucher number Vcl314, BVI Station 46C,

22 Jul 2000, ARM at Monkey Point, 10 m,
SCUBA, morning dive, coll. T. Zimmer-
man, R. Ware, T. Haney, J. Martin. Allo-

type: female, LACM CR 2000 0082, pho-

tographic voucher number Vcl316, same
collection data as for holotype.

Description.—Carapace (Figs. 1, 3a, b)

with relatively few short dorsal and dorso-

lateral spines (as compared to other mem-
bers of genus) directed anteriorly, and with

numerous distally plumose setae giving

overall "fuzzy" appearance. Cervical

groove present but weak, with sharp spines

just posterior to groove on dorsal and dor-

solateral regions, and terminating at level of

strong hepatic spine. Carapace spines more

numerous and better developed on antero-

lateral (branchiostegal) regions. Antennal

and orbital spines strong, acute, well de-

veloped. Rostrum large, extending to level

of distal end of antennular peduncle, well

developed, strongly curved downward, ven-

trally with 1 small subterminal tooth, dor-

sally with series of 5 teeth (excluding acute

tip of rostrum), continuing posteriorly (with

additional teeth) along well defined carina

that extends back to cervical groove.

Eyes (Fig. 3a, b) each with cornea slight-

ly smaller in diameter than eyestalk; eye-

stalk with small spines just proximal to, and

extending slightly laterally over, cornea.

Abdomen (Figs. 1, 3c) smooth, lacking

transverse ridges. Abdominal somites 1-3

with pleura terminating in rounded point

bearing 3 setae (Fig. 3c), somites 4-6 more

rounded than anterior ones. Pleura of so-

mites 1-3 each bearing 2 or 3 teeth on an-

terior and posterior borders (those on an-

terior border more acute than those on pos-

terior border).

Antenna 1 (antennule) (Fig. 4a, b) with

large slightly curved stylocerite extending

only to distal end of basal article, with

smaller tooth on distal end of second article

and pair of teeth on distalmost article of

peduncle. Flagellar articles (Fig. 4b) heavi-

ly setose, with setae arising more or less

circularly around each article, giving the

flagella a bushy overall appearance (Fig.

2b).

Antenna 2 (Fig. 4c) with sharp teeth on

all peduncular articles. Scaphocerite reach-

ing well beyond tip of rostrum (tip of ros-

trum in dorsal view extending about 1/3

length of scaphocerite), strongly curved on

medial border, nearly straight on lateral bor-
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Fig. 1. Microprosthema jareckii, holotype male, LACM CR 2000 0082, composite view.

der. Lateral border with 4 sharp teeth in ad-

dition to sharp distolateral tooth at corner.

Mandible (Fig. 4d) on left side (right side

not examined) with smooth, sharp, blade-

like cutting edge, posterior side strongly

concave (left side of Fig. 4d). Anterodistal

corner of cutting edge marked by extremely

long sharp tooth; posterodistal corner with

shorter, subtriangular tooth. Mandibular

palp composed of 3 articles, second of

which bears 2 strong spines: 1 at approxi-

mate midlength and 1 near distal articula-

tion with terminal article. Terminal article

lanceolate, broadest at midlength, tapering

to acute tip and bearing scattered setae as

illustrated.

Maxilla 1 (Fig. 4e) with heavy, serrate

spines on upper endite and scattered simple

and plumose setae on lower endite. Palp

with 2 articles, distalmost of which bears 2

short terminal setae. Maxilla 2 (Fig. 4f) en-

dites strongly bilobed, with setation (prox-

imal to distal) 10 + 5, 8 + 13. Blade of

scaphognathite not examined.

Maxilliped 1 (Fig. 4g) with unsegmented

endopod bearing 13 long plumose setae on
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Fig. 2. Microprosthema jareckii, black and white photographs made from color 35 mm photographic slides

(photographic voucher number Vcl314) of live holotype male (LACM CR 2000 0082), taken in small aquarium

on Guana Island, BVI. a, dorsal view; b, lateral view. Photographs by T. L. Zimmerman.

curved anterolateral border. Basipodite long

and wide, bearing numerous short setae,

relatively straight along medial border and

broadly curved on anterolateral border.

Coxopodite small, approximately 1/5 length

of basipodite and unsegmented. Exopod
long and slender, with numerous plumose

setae increasing in number distally and with

minute crenulations beginning just distal to

somewhat abrupt bend and continuing to

tip. Epipod divided into equally sized distal

and proximal lobes, neither with any seta-

tion.

Maxilliped 2 (Fig. 4h) with 4-segmented

endopod. Dactylus lanceolate and densely

setose on medial border. Propodus slightly

shorter than dactylus and with dense medial

setation similar to dactylus. Carpus approx-

imately same length as propodus, triangular,

with distal end broader, lacking dense se-

tation but with 7-10 long, simple dorsodis-

tal setae. Merus subrectangular, with 13 or

14 long simple setae spaced regularly on

minute cuticular projections along medial

border and with short simple setae on an-

terolateral border.

Maxilliped 3 (Fig. 4i, j) endopodite

strongly developed, 5-segmented. Dactylus

elongate-triangular. Propodus longer than

dactylus, with dense setae along medial

border and with distal dense setal brush

("setiferous organ" of Goy and Felder,

1988, and Criales, 1997); 4 long simple se-

tae proximal to brush on medial border.

Carpus approximately equal in length to

propodus, with strong distolateral spine ex-

tending beyond distal border of segment,

and 7 long, simple setae arising from slight

cuticular protrusions along medial border.

Merus slightly longer than carpus, with 4

strong spines along lateral border; distal-

most such spine extending to midlength of

carpus. Ischium longer than merus, with 8

spines along lateral border, increasing in

size distally, and with single anterodistal

spine on medial border. Exopod long, slen-

der, reaching (excluding setation) just past

midlength of endopodal merus, with nu-

merous plumose setae beginning at approx-

imate midlength of exopod, increasing in

number toward tip.

Pereiopod 1 (Fig. 5a) short, stout, spi-

nose. Dactylus approximately half length of

propodus (including fixed finger). Propodus

slightly swollen basally, with obvious

cleaning brush on inner surface; setae of

cleaning brush recessed centrally. Carpus

with 6 heavy spines along outer (lateral)

border and with cleaning brush on disto-

medial border (probably serving as oppos-

ing brush of propodus when pereiopod is

flexed). Merus with 2 stout spines on me-
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Fig. 3. Microprosthema jareckii, holotype male, LACM CR 2000 0082. a, carapace, lateral view; b, carapace,

dorsal view; c, abdomen, lateral view, with tip of pleuron of abdominal somite 3 magnified to lower left (arrow);

d, telson and uropods. Scale bar = 2.0 mm for a-c, 1.0 mm for d.

dial border and 4 spines, increasing in size

distally, along lateral border, plus single

sharp distolateral tooth. Entire appendage

with scattered distally plumose setae on all

articles except dactylus.

Pereiopod 2 (Fig. 5b) longer and more

slender than pereiopod 1 , lacking propodal-

carpal cleaning brush. Cheliped fingers with

small regularly spaced teeth along cutting

edges; tips of fingers with clusters of simple

setae. Carpus longer than other articles,

with series of 5 heavy spines along outer

(lateral) border. Merus with 2 stout spines

on medial border and 4 stout spines along

lateral border. Scattered, distally plumose

setae on all articles except dactylus.

Pereiopod 3 (Fig. 5c) extremely large,

heavy. Merus with 2 stout spines on inner

(medial) border, 1 at approximate midlength

and 1 at approximate % length of merus.

Carpus triangular in dorsal view and in

cross section; dorsal surface slightly exca-

vate, widening distally into shallow trough;

lateral border of carpus with 4 stout spines

and distolateral tooth; medial border with 3

small spines and cluster of short spines on

distomedial border. Propodus deep, central-

ly thick but naiTowing to bladelike carina
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Fig. 4. Microprosthema jareckii, holotype male, LACM CR 2000 0082, antennae and mouthparts, left side,

a, antenna 1 (antennule), ventral view; b, section of distal articles of antenna 1 flagellum showing setation; c,

base of antenna 2 and scaphocerite, dorsal (left) and ventral (right) views; d, left mandible, inner (left) and outer

(right) view; e, maxilla 1; f, endites of maxilla 2; g, first maxilliped; h, second maxilliped; i, third maxilliped

(illustrated at different magnification from g and h); j, higher magnification of distal 4 articles of third maxilliped

(same appendage as in i, but reversed to show other side) with only selected setae illustrated. Scale bar = 0.5

mm for e, f; 1 .0 mm for a-d, g, h; 2.0 mm for i.
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Fig. 5. Microprosthema jareckii, holotype male, LACM CR 2000 0082, left pereiopods. a, pereiopod I, with

higher magnification of chela and distal part of carpus (arrow); b, pereiopod 2, with higher magnification of

chela (arrow); c, pereiopod 3, dorsolateral view; d, pereiopod 4, with dactylus and propodus magnified (anow);

e, pereiopod 5, with dactylus and part of propodus magnified (arrow). Scale bar = 1.0 mm for all figures except

for close up views in a, b, d, and e (arrows), where scale bar = 2.0 mm.
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dorsally (dorsal crista), with minute serru-

lations on dorsal border and ventral border,

fading to smooth along ventral border of

fixed finger; cutting edge of finger with

large triangular tooth at base. Dactylus with

minute serrulations on proximal third of up-

per (dorsal) surface; cutting edge with large

triangular tooth opposite and just distal to

similar tooth on propodal finger. Dactylar

and propodal fingers slightly overlapping

when chela closed. Entire chela high (dorsal

to ventral) but thin (medial to lateral); inner

surface of chela slightly concave, with che-

la curved inward toward front of animal.

Pereiopods 4 and 5 (Fig. 5d, e) long,

slender, similar to one another, with short,

bifurcated dactylus;, ventral branch of dac-

tylus shorter, approximately half length of

dorsal branch. Propodus undivided, with se-

ries of 15 (pereiopod 4) to 17 (pereiopod 5)

short, sharp movable spines spaced regular-

ly along ventral border. Carpus longer than

merus, which is longer than propodus. Pe-

reiopod 4 with 3 setae arising from slight

ventral protrusion and with scattered simple

setae dorsally; only 2 such setae (plus 1 seta

not arising from protuberance).

Pleopods (not illustrated) as for genus

(see Holthuis, 1946), with first pleopod uni-

ramous and pleopods 2-5 biramous; all ple-

opods lacking appendices.

Telson and uropods (Fig. 3d) broad,

strongly deflexed (Fig. 1, 2b, 3c), not visi-

ble or only partly visible in dorsal view in

life (Fig. 2a); telson approximately equal in

length to uropods. Exopod with 5—7 small

teeth on lateral margin, terminating in acute

tooth on distolateral corner; distal border

smoothly rounded, with rounded border not

exceeding length of distolateral tooth, con-

tinuing dorsally to form interior (medial)

border. Endopod similar, with fewer teeth

on lateral border and with rounded posterior

border clearly extending beyond length of

distolateral tooth. Both endopod and exo-

pod heavily setose on posterior and medial

borders. Telson subtriangular, with strong

lateral teeth at approximate midlength. Dor-

sal surface with 4 teeth at anterior third and

2 longitudinal rows of 3 spines each. Lat-

eral edges terminating distally in small

acute tooth. Posterior border slightly

curved, with small tooth at midpoint, and

heavily setose.

Color (see Fig. 2).—In life, both speci-

mens were completely white and slightly

translucent (Fig. 2a, b). The only color dis-

cernable other than white was a yellowish

central area under the carapace, caused by

the hepatopancreas showing through the

carapace. There were no other colors on

any of the body parts.

Sexual dimorphism.—None apparent.

The female allotype is similar in all regards

to the male holotype, with the only distin-

guishing feature being the minute genital

opening on the coxa of the third, as op-

posed to the fifth, pereopods. This differ-

ence is so slight, and the opening so diffi-

cult to detect, that it is even possible that

both specimens belong to the same sex.

Etymology.—I am pleased to name this

new species after Dr. Henry Jarecki, in ap-

preciation for his concern for the preser-

vation and conservation of our natural

world, and especially for his vision in es-

tablishing a protected nature preserve on

Guana Island, BVI.

Habitat.—Known only from Monkey
Point, Guana Island, British Virgin islands,

from an artificial reef matrix, 10 m depth.

The surrounding seafloor was predominant-

ly hard bottom with scattered coral heads,

coral rubble, sea fans, and occasional pock-

ets and channels of sand.

Remarks.—Of the previously described

species of Microprosthema known from the

Caribbean and western Atlantic, the new
species is most similar in coloration to M.
manningi and M. looensis, both of which

were described by Goy & Felder (1988).

Goy & Felder (1988: 1286) described col-

oration in M. manningi as being "whitish

to pale tan; antennae, abdomen and append-

ages white, abdomen and pereiopods some-

times edged in tan or pale magenta." Col-

oration in M. looensis was described by

them as "carapace and abdomen whitish
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tan; antennae, telson, uropods, and all ap-

pendages white." Specimens of M. looensis

held in captivity later appeared completely

white (J. Goy, pers. obs.)- Thus, all three of

these species are predominantly white or

whitish. However, an abundance of mor-

phological characters serve to distinguish

M. jareckii from M. manningi and M.
looensis. Spination of the carapace in M.
manningi is much more uniform than in M.

jareckii, and the cervical groove is indis-

tinct. The carapace spines of M. looensis

are numerous and mostly blunt, rather than

acute as in M. jareckii, the chela of the third

pereiopod lacks the dorsal crista, the ros-

trum is shorter and ventrally unarmed, and

all of the pereiopods are unique in being

covered with short setae (see Goy & Felder

1988: fig. 7).

The new species shares with M. mannin-

gi the unusual and strikingly similar char-

acter of stout spines on the middle article

of the mandibular palp (not known for any

other species in the genus), and the more
commonly encountered dorsal crista on the

third pereiopod. However, the cutting edge

of the mandible of M. jareckii is more sim-

ilar to that of M. looensis in possessing a

long acute process on the dorsodistal angle.

Coloration of M. granatense, currently

known only from the southern Caribbean,

was not noted by Criales (1997). However,

M. jareckii is easily distinguished from M.
granatense by the complete absence of

spines on pereiopods 1 and 2, but a more
spinose pereiopod 3, in M. granatense, as

well as by differences in the spination of

the carapace, relative width of the scapho-

cerite, subdivision of the propodus of pe-

reiopods 4 and 5, relative height of the pro-

podus of pereiopod 3, and spination of the

third maxilliped.

Comparison of the new species to the

widespread and commonly reported species

Microprosthema semilaeve proved to be

more difficult than expected, as that species

has not been illustrated other than by Ran-

kin (1898, plate 29, fig. 2, side view of

whole animal), Holthuis (1946, plate 3, fig.

i, scaphocerite only), and Rodriguez (1980,

fig. 51, partial views of carapace and ab-

domen). Although the color notes provided

by Manning (1961) are quite detailed, I

have not been able to locate the specimen

on which that note was based (Manning did

not mention a repository, and I did not see

any specimens of M. semilaeve from his

collection site among the specimens at the

USNM). Thus, although commonly report-

ed in the literature and given the common
name "crimson coral shrimp" by Williams

et al. (1989), M. semilaeve lacks a thorough

modern description. For the purposes of this

report I am assuming that the crimson and

white coloration described by Manning

(1961) is specific to this species, and thus

color pattern is one obvious difference be-

tween M. jareckii (completely white) and

Microprosthema semilaeve (mostly brilliant

red). Additionally, Goy & Felder (1988) ex-

amined 78 specimens of M. semilaeve and

noted, among other characters, that in all

specimens examined the "carpi and propodi

of the third maxillipeds lack spines" (M.

jareckii bears one very heavy spine on the

corpus; see Fig. 4i, j), the "merus of the

first pereiopod lacks spines" (there are sev-

en heavy spines present on the merus of

pereiopod 1 in M. jareckii; see Fig. 5a), and

the "second pereiopod bears only one or

two meral spines" (six are present in M.

jareckii. Fig. 5b). Therefore, even without

considering coloration, these obvious mor-

phological differences confirm that Micro-

prosthema jareckii is distinct from M. sem-

ilaeve, at least as defined and understood by

Goy & Felder (1988).
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Abstract.—Unique sperm morphology is described for Aegla longirostri

Bond-Buckup & Buckup, 1994, a representative of the freshwater anomuran

family Aeglidae from South America. Comparisons of the spermatozoal ultra-

structure of this species with that described for other anomurans indicate that

A. longirostri has a distinct suite of spermatozoal characters. Within the Ano-
mura, the aeglids share more spermatozoal characters with the superfamily

Lomoidea, represented by the monotypic Australian endemic genus, Lomis,

than to any previously described representative from the Galatheoidea, Hip-

poidea, or Paguroidea. A more basal ancestry, with an independent evolution-

ary lineage, within the Anomura is postulated for the Aeglidae. A superficial

resemblance of the spermatozoal ultrastructure of A. longirostri to that de-

scribed for a palinurid lobster, Jasus, and a thalassinidean mud shrimp, Neaxius,

is also noted.

The endemic South American freshwater

anomuran crab family Aeglidae Dana,

1852, currently consists of the genus Aegla

Leach, 1820, with more than 60 species,

and the two fossil genera Haumuriaegla

Feldmann, 1984 and Protaegla Feldmann et

al., 1998. The taxonomy and systematics of

the genus Aegla has been adequately sum-

marized by Martin & Abele (1988). The
family Aeglidae is one of 14 anomuran
families, and is currently placed in the su-

perfamily Galatheoidea, with the families

Chirostylidae, Galatheidae, and Porcellani-

dae (Bowman & Abele 1982, Martin & Da-

vis 2001).

Following the classification suggested by

McLaughlin (1983b) and Martin & Davis

(2001), but acknowledging the existence of

alternative classifications with an additional

superfamily Coenobitoidea (Bowman &
Abele 1982, Forest 1987), we concur that

the Anomura consists of only four super-

families, the Lomoidea, Hippoidea, Pagu-

roidea, and the Galatheoidea. The relation-

ships of the Aeglidae to other anomuran

families continues to be equivocal. Milne-

Edwards & Bouvier (1894) concluded that

the aeglids were derived from marine her-

mit crabs, and placed them on a direct lin-

eage to the galatheids (Galatheidae). Later

workers (Martin 1985, 1989; Martin &
Abele 1988) linked the aeglids with the her-

mit crabs (Paguroidea) rather than with the

galatheids, but a sister-group relationship

with the Galatheoidea has also been sug-

gested (Martin & Abele 1986). The simi-

larity of aeglids, in gross external morphol-

ogy, to the marine galatheids and chirostyl-

ids is the source of much of this confusion

and resulting speculation. Representatives

of the Aeglidae were absent from a recent

phylogenetic analysis of anomuran relation-
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ships based on reproductive characters

(Tudge 1997b), but were included in the

carcinization matrix and tree of Mc-
Laughlin & Lemaitre (1997).

Twelve anomuran families have previ-

ously been investigated for sperm and sper-

matophore morphology (Tudge et al. 1999,

2001; Jamieson & Tudge 2000, and refer-

ences therein). The spermatozoal ultrastruc-

ture of representatives of the remaining two

families, the Aeglidae and Pylojacquesidae

(the latter a monotypic hermit crab family

recently established by McLaughlin & Le-

maitre 2001), have yet to be described and

illustrated. This paper describes for the first

time the ultrastructure of the spermatozoa

of a species of Aeglidae, Aegla longirostri

Bond-Buckup & Buckup, 1994, and pro-

vides an additional suite of characters that

might be useful in phylogenetic studies of

the family. A comparison of the sperm mor-

phology of A. longirostri to that already de-

scribed for anomurans and other decapods

is also made.

Methods

A single male specimen of Aegla longi-

rostri was collected from the Carreiro Riv-

er, in the State of Rio Grande do Sul, Brazil,

on 30 October 2000. The gonads were re-

moved and fixed in 3% glutaraldehyde in

phosphate buffer and posted to the National

Museum of Natural History, Smithsonian

Institution, Washington, D.C. A squash in

phosphate buffer was made upon receipt,

and the tissue was examined and photo-

graphed through an Olympus BH2 Nomar-
ski interference contrast microscope and at-

tached Olympus OM-2 camera. The re-

mainder of the tissue was processed for

TEM as outlined below.

After the initial glutaraldehyde fixation

and phosphate buffer wash, the remainder

of the fixation protocol was carried out in

a Lynx-el. Microscopy Tissue Processor.

Portions of the vas deferens were washed
in phosphate buffer (three washes of 15

min), postfixed in phosphate buffered 1%

osmium tetroxide for 80 min, similarly

washed in buffer, and dehydrated through

ascending concentrations of ethanol (20-

100%). After infiltrating and embedding in

Spurr's epoxy resin (Spurr 1969), thin sec-

tions (50-80 nm thick) were cut on a LKB
2128 jjim IV microtome with a diamond

knife. Sections were placed on carbon-sta-

bilized colloidin-coated 200 |xm mesh cop-

per grids and stained in 6% aqueous uranyl

acetate for 30 sec; rinsed in distilled water;

stained with Reynold's lead citrate (Reyn-

olds 1963) for four minutes; and further

stained in uranyl acetate for two minutes

before a final rinse in distilled water (Dad-

dow 1986). Micrographs were taken on a

Hitachi 300 transmission electron micro-

scope at 80 kV.

Spermatozoal Ultrastructure

When viewed at the TEM level the sper-

matozoa of Aegla longirostri are spherical

to ovoid cells (polymorphic in oblique sec-

tion) with the cell body divided into two

hemispheres (Figs. 1, 2A, B). The upper, or

apical, hemisphere is composed of the cy-

toplasm and the spherical acrosome vesicle,

while the lower, or basal, hemisphere is

composed of nuclear material. The sperm

cells show some variation in their dimen-

sions, but are 4.6 iJtm wide {n = 15; range

= 4.1-5 |JLm) and 4.1 |xm in height {n = 11;

range = 3.4-4.5 |xm). This latter measure-

ment was taken through the acrosomal axis.

The small acrosome vesicle is 1.5 |xm wide

{n = 12: range = 1.1-1.8 ixm) and 1.4 |xm

in height (n = 5; range = 1.1-1.9 jxm)

(Figs. 1-3).

The acrosome vesicle forms a conspicu-

ous, electron-dense, ring-like structure at

the pole of the apical hemisphere. In lon-

gitudinal section (LS), the acrosome vesicle

appears as two opposing "half-moon"
shapes, with an electron-pale column inter-

vening (Fig. IB). In oblique sections (some

close to transverse), the acrosome vesicle is

an irregular, electron-dense ring, with a

crenulated, and sometimes vesicular, ap-
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Fig. 1 . Transmission electron micrographs of spermatozoa of Aegla longlrostri Bond-Buckup & Buckup,

1994. A, Three sperm cells in various sections; B, LS of spermatozoon. Abbreviations: av, acrosome vesicle;

ce, centriole; cy, cytoplasm; edr, electron-dense acrosome region; gr, granular acrosome region; m, mitochon-

drion; ms, membrane system; mt, microtubular bundles; n, nucleus; npm. nucleo-plasma membrane; p, perfor-

atorial column; pm, periacrosomal material; s, spermatozoa. Scale bars as indicated.
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Fig. 2. Transmission electron micrographs of spermatozoa of Aegla longirostri Bond-Buckup & Backup,

1994. A, B, Oblique sections of spermatozoa showing variable amounts of cytoplasm and nucleus; C, Detail of

oblique section through the acrosome vesicle; D, Detail of LS of microtubular bundle. Abbreviations: see fig.

1 . Scale bars as indicated.
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Fig. 3. Transmission electron micrograplis of spermatozoa of Aegla longirostri Bond-Buckup & Buckup,

1994. A-D, Oblique sections of acrosome vesicle detail. Abbreviations: see fig. 1. Scale bars as indicated.



VOLUME 115, NUMBER 1 123

pearance (Figs. 2A, B, 3). Closer inspection

of the electron-dense part of the acrosome

reveals a thin, extremely electron-dense re-

gion just inside the acrosome vesicle mem-
brane. This thin, dark, strip envelops the en-

tire acrosome vesicle, with the exception of

the posterior and anterior electron-lucent

zones. Interior to this electron-dense strip,

the acrosome vesicle contents are less elec-

tron-dense and are coarsely granular, with

small electron-opaque patches (Figs. 1, 2A-

C, 3). In one section, these lighter patches

were seen to be larger lacunae within the

darker matrix (Fig. 2B). The center of the

acrosome vesicle is occupied by a coarsely

granular, electron-pale cylindrical column,

here termed the perforatorial column. This

paler region separates the dense part of the

acrosome vesicle into the two crescent

shapes in LS (Fig. IB) and forms the center

of a dense ring in oblique and near-trans-

verse sections (Figs. 2A, C, 3A-C). The up-

per and most basal regions of the perfora-

torial column are bound by the acrosome

vesicle membrane only, and posteriorly

may be separated from the membrane by a

translucent area (Figs. IB, 3A, D).

Immediately subjacent to the acrosome

vesicle is a subacrosomal (periacrosomal)

region, clearly demarcated from the sur-

rounding cytoplasm by its more coarsely

granular appearance and greater electron

density (Figs. 1, 2A, C, 3B-D). This per-

iacrosomal region is not membrane-bound,

but closely abuts the posterior membrane of

the acrosome vesicle. In some sections this

denser periacrosomal material appears to

partially penetrate the perforatorial column

as thick protrusions (Figs. lA, 2A, C, 3C).

The cytoplasm of the sperm cell occupies

the majority of the apical hemisphere, with

the exception of the acrosome vesicle (Figs.

1, 2A, B, 3). Organelles include many
spherical, electron-pale, sparsely cristate

mitochondria, some densely arranged mem-
brane systems (Figs. IB, 2A, B, 3C), and

the occasional centriole (Fig. 2C); all of

these are embedded in an irregular coarse

granular matrix. No distinct membrane sep-

arates the cytoplasm from the more basal

nuclear material.

The nucleus constitutes approximately

50% of the cell volume and occupies the

basal hemisphere of the spermatozoa (Figs.

IB, 2A, B). The nuclear material is mod-
erately electron-dense (more so than the ad-

jacent cytoplasm), homogeneously granular,

and surrounded externally by a thickened

double membrane (Figs. IB, 2A, B, 3A, C).

This obvious membrane is composed of

both the nuclear membrane and the plasma

membrane (termed the nucleo-plasma

membrane). The homogeneous nucleus

may have large electron-lucent spaces evi-

dent in some sections. These spaces may
contain small, extremely electron-dense

spots (Fig. 3A), regularly arranged thin

membranes (Figs. 2A, B, 3C), sparse gran-

ular material (Figs. IB, 2A, B), or no dis-

tinguishable material (Figs. 3A, C, D). It is

not known if these electron-lucent gaps are

artifacts of fixation or characteristic features

of the spermatozoa. They appear, in some
form or another, in the majority of sperm

cells observed, and some were even infre-

quently seen in the cytoplasm (Figs. IB,

2B, 3A). Besides these inclusions, the only

other structures present in the nuclear ma-

terial are tight bundles of microtubules.

These microtubule bundles were seen in

longitudinal, oblique, and transverse section

in various sperm cells and are deduced to

be internalized microtubular arms (Figs.

IB, 2A, B, D, 3D). From one to three long

arms were observed in Aegla longirostri,

and also in A. rostrata Jara, 1977 (unpub-

lished observation), at the light microscope

level, but they were not apparent at the

TEM level. The bundles of microtubules

appeared to be restricted to the nucleus,

with none observed in the cytoplasmic re-

gion.

Discussion

When comparisons are made to the pre-

viously described spermatozoa in the Ano-

mura (Tudge et al. 1999, 2001; Jamieson &
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ANOMURA

ii

')

Parapaguridae Paguridae Lithodidae Diogenidae

A.

^nh

Coenobitidae

Albuneidae Hippidae

Galatheidae Chirostylidae Porcellanidae

Strahlaxiidae

THALASSINIDEA

Palinuridae

PALINURA

Fig. 4. Semidiagrammatic longitudinal sections of spermatozoa from 13 anomuran, thalassinidean, and pal-

inurid families for comparison of gross morphologies. Parapaguridae: Sympaguriis sp.; Paguridae: Pagiirits bern-

hardus (Linnaeus, 1758); Lithodidae: Lithodes maja (Linnaeus, 1758); Diogenidae: Clibanarius longirarsus (De

Haan, 1849); Coenobitidae: Coenobita purpurea Stimpson, 1858; Pylochelidae: Pylocheles (Bathycheles) sp.;

Lomidae: Lomis hirta (Lamarck, 1818); Aeglidae: Aegla lougirastri Bond-Buckup & Buckup. 1994; Galatheidae:

Munidopsis sp.; Chirostylidae: Ewmmida sternomaculata St. Laurent & Macpherson, 1990; Porcellanidae: Pe-

trolisthes lamarckii (Leach, 1820); Albuneidae: Albunea marquisiana Boyko, 2000; Hippidae: Enierita talpoida

(Say, 1817); Strahlaxiidae; Neaxius glyptocercus (Von Martens, 1868); Palinuridae: Jasus novaehollandiae Hol-

thuis, 1963. Abbreviations: see Fig. 1. Not to scale. (Parapaguridae, Diogenidae, Lomidae, Chirostylidae, Strah-
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Tudge 2000, and references therein), it is

evident that the sperm cells observed in Ae-

gla longirostri are unique (see Fig. 4). The

spermatozoal morphology of A. longirostri

differs significantly from any of the 12 oth-

er investigated families in the Anomura. In-

stead, the overall morphology of the sper-

matozoa of A. longirostri most closely re-

sembles that described for the Australian

endemic hairy stone crab, Lomis hirta (La-

marck, 1818), of the superfamily Lomo-
idea, by Tudge (1997a). Similarities be-

tween Aegla and Lomis spermatozoa in-

clude the irregular number of microtubular

arms (from none to three), the division of

the sperm cell contents into roughly equal

hemispheres with the cytoplasm and acro-

some in one and the nucleus in the other,

many small mitochondria, and a small

spherical to ovoid acrosome vesicle embed-

ded in the cytoplasm (Figs. IB, 4). Some
shared ultrastructural features of the acro-

some include an electron-pale perforatorial

column penetrating the entire acrosome,

and the outer electron-dense region (= oper-

culum?) encircling the acrosome vesicle

and having a crenulated, and somewhat la-

cunate, appearance in oblique and trans-

verse sections. Two notable differences are

that the outer dense region of the acrosome

covers the apex in Lomis, whereas it is open

in Aegla, and that the microtubulcir bundles

are present in both the cytoplasm and nu-

cleus in Lomis (see Tudge 1997a), while be-

ing restricted to the nucleus in Aegla.

Outside of the Anomura there are some
general similarities of the spermatozoa
(Figs. IB, 4) of Aegla longirostri to those

of some Palinura (Palinuridae) and Thalas-

sinidea (Strahlaxiidae) (Tudge 1995a,

1995b; Tudge et al. 1998). Of particular

note is the fact that the periacrosomal ma-
terial in the spermatozoa of the palinurid

Jasus novaehollandiae Holthuis, 1963, pen-

etrates the acrosome vesicle as blunt pro-

jections (Tudge et al. 1998) reminiscent of

the condition observed in A. longirostri.

The resemblance to some thalassinidean

spermatozoa (Tudge 1995a, 1995b, 1997b;

Jamieson & Tudge 2000) is more superfi-

cial and relates to the overall shape of the

sperm cell, the conamon small and embed-

ded acrosome, the large cytoplasmic region,

and appearance of microtubules in the nu-

cleus (a character also shared with Jasus

novaehollandiae).

Spermatozoal comparisons across the

Anomura clearly show the great dissimilar-

ity of the sperm cell of Aegla to that of

galatheoids, hippoids, or paguroids record-

ed to date (Fig. 4). No close spermatozoal

affinities can be recognized with any of the

known sperm of members of these three su-

perfamilies. Based on sperm morphology

alone of Aegla and Lomis, it would appear

that the Lomidae may be closely related to

the aeglids. The possibility of such a rela-

tionship has recently gained some support

from comparisons of nuclear and mitochon-

drial genes within the Anomura (Morrison

et al. 2002).

The current superfamily hierarchy in the

Anomura is well supported by differences

in reproductive characters derived from

spermatophores and spermatozoa (Tudge

1992, 1995a, 1995b, 1997a, 1997b; Tudge
et al. 1999, 2001; Jamieson & Tudge 2000).

The spermatozoal morphology presented

here provides some evidence that may help

in the evaluation of whether the family Ae-

glidae can be elevated to superfamily status

with close affinities to the Lomoidea. The
unique nature of the Aeglidae to other gal-

atheoid families has been previously docu-

mented based on external morphology and

ecological data (Martin & Abele 1986,

laxiidae after Tudge 1995b; Paguridae, Coenobitidae, Galatheidae, Porcellanidae after Tudge 1995a; Lithodidae,

Palinuridae after Jamieson & Tudge 2000; Pylochelidae after Tudge et al. 2001; Albuneidae, Hippidae after

Tudge et al. 1999).
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1988). Recently, comparisons of the ribo-

somal 18s DNA gene among the Anomura
has also indicated a clear separation of the

aeglids from other galatheoid families

(Perez-Losada et al. 2002). As suggested

for the Lomoidea by McLaughlin (1983a)

and Tudge (1997a), an independent and

more basal lineage for the Aeglidae within

the Anomura is indicated by several dis-

parate types of data, including spermatolo-

gy. A more remote ancestor of aeglids than

modem galatheoids seems possible consid-

ering the difficulty and inconsistency in

identifying the closest sister taxon to these

enigmatic freshwater crabs. Historically, ae-

glids have been linked with other Galath-

eoidea (Martin & Abele 1986), the Pagu-

roidea (Martin & Abele 1988), and now the

Lomoidea.

This study of spermatozoa of Aegla lon-

girostri, as well as previous investigations

of the Aeglidae, show that they are distinct

from other anomurans in morphology, ecol-

ogy, spermatology, and molecular biology.

Detailed and comprehensive phylogenetic

investigations are needed of the Anomura
to determine relationships among the vari-

ous lineages, and elucidate aeglid affinities

within the extant Decapoda.
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phology 236:117-126.

—

,

, & . 1999. Spermatozoal ultra-

structure in the Hippoidea (Anomura, Decapo-

da).—Journal of Submicroscopic Cytology and

Pathology 31:1-13.

—

,

, & . 2001. Spermatozoal mor-

phology in the "symmetrical" hermit crab, Py-

locheles {Bathycheles) sp. (Crustacea, Decapo-

da, Anomura, Paguroidea, Pylochelidae).

—

Zoosystema 23:117-130.
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A new crayfish of the genus Orconectes Cope, 1872 from the lower

Ohio River drainage of western Kentucky
(Crustacea: Decapoda: Cambaridae)

Christopher A. Taylor

Center for Biodiversity, Illinois Natural History Survey, 607 E. Peabody Drive, Champaign,

Illinois 61820, U.S.A.

Abstract—A new crayfish, Orconectes margorectus, is described from the

lower Ohio River drainage of western Kentucky. The species occurs in small

streams with substrates of gravel and cobble. Form I males of O. margorectus

differ from all other members of the genus Orconectes Cope in possessing a

mandible with a straight incisor region and a first pleopod with straight terminal

elements that comprise 24 to 28% of the total length of the pleopod.

An ongoing systematic study of the sub-

genus Crockerinus Fitzpatrick, 1987, genus

Orconectes Cope, 1872, using both molec-

ular and morphological data revealed the

presence of an undescribed species of cray-

fish in the lower Cumberland and Ohio riv-

er drainages of western Kentucky. Subse-

quent examination of material housed at the

National Museum of Natural History,

Smithsonian Institution, and the Illinois

Natural History Survey indicated that this

undescribed form had been previously iden-

tified as Orconectes tricuspis Rhoades,

1944, a species that occurs immediately up-

stream of the new form in the Cumberland

River drainage. Based on the morphology

of the form I male pleopod, this new spe-

cies described herein is assigned to the Raf-

inesquei group (Fitzpatrick 1987) of the

subgenus Crockerinus. Members of the Raf-

inesquei group inhabit lotic habitats and are

distributed across the western half of Ken-

tucky and extreme southern Illinois. Fitz-

patrick (1987) included the following as

members of the Rafinesquei group: Orco-

nectes bisectus Rhoades, 1944, O. illinoien-

sis Brown, 1956, O. rafinesquei Rhoades,

1944, O. tricuspis. Taylor & Sabaj (1998)

later added O. burri Taylor & Sabaj, 1998

to this group.

Orconectes margorectus, new species

Figs. 1, 2A, Table 1

Diagnosis.—Body and eyes pigmented.

Rostrum deeply excavated, terminating in

long acumen; median carina absent. Rostral

margins thickened; margins straight, sub-

parallel and slightly converging (see Vari-

ation); terminating in spines (Fig. lA). Are-

ola 30.4-35.2% {X = 32.8, n = 28, SD =

1.2) of total length of carapace (CL = dis-

tance from distal tip of acumen to dorso-

caudal edge of cephalothorax), narrowest

part at midpoint, 4.9-10.5 (X = 8.0, n =

28, SD = 1.3) times as long as wide with

3 to 5 (mode = 3, n = 28, SD = 0.5) punc-

tations across narrowest part (Fig. 1 A). One
corneous cervical spine on each side of car-

apace (Fig. lA). Postorbital ridges well de-

veloped, terminating in corneous spines

(Fig. lA). Suborbital angle weakly devel-

oped, forming broadly rounded projection.

Antennal scale broadest distal to midlength,

thickened lateral margin terminating in

large corneous spine (Fig. IB). Ischia of

third pereiopods of males with hooks;

hooks overreaching basioischial articulation

in form I males only. Chela with 2 or 3

rows of tubercles (see Variation) along me-
sial margin of palm, usually 8 or 9 tubercles

in mesialmost row and 7 or 8 in dorsome-
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Fig. I. Orconectes margorectus, new species: A. Dorsal view of carapace; B, Dorsal view of right antennal

scale; C, Annulus ventralis; D, Dorsal view of right chela; E, Mesial view of first pleopod of form I male; F,

Caudal view of first pleopods of form I male; G, Lateral view of first pleopod of form I male; H. Lateral view

of first pleopod of form II male. A, B, D E, F, and G of holotype (INHS 8398); H, morphotype (INHS 8396);

C, allotype (INHS 8395). Scale bars equal 1 mm.
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Fig. 2. Incisor region (arrow) of mandibles. A, straight edge, as found on O. margorectus, new species. B,

Serrated edge, as found on most other species of the subgenus Crockerinus. After Bouchard (1978).

sial row; small tufts of setae along oppos-

able margins of fingers; dorsal surfaces of

fingers with well defined longitudinal ridges

(Fig. ID). Mandible with straight edged in-

cisor region (Fig. 2A). Cephalomedian lobe

Table 1
.—Measurements (mm) of Orconectes mar-

gorectus, new species.

Holotype Allotype Morphotype

Carapace:

Total length 27.0 22.6 28.2

Postorbital

length 19.6 17.0 21.4

Width 12.7 11.2 14.5

Height 10.4 9.0 10.4

Areola:

Width LI 0.9 1.4

Length 8.5 7.2 9.4

Rostrum:

Width 3.4 2.8 3.5

Length 8.5 6.7 8.0

Chela, right:

Length, palm

mesial margin 6.4 4.4 5.7

Palm width 7.9 5.9 7.8

Length, lateral

margin 20.3 14.4 21.0

Dactyl length 12.4 8.4 13.7

Abdomen:

Width 1L5 11.7 11.8

Length 28.2 24.0 30.4

of epistome triangular with small, triangular

cephalomedian projection; epistomal zygo-

ma forming weak arch. First pleopods of

form I male symmetrical (Fig. IF), extend-

ing to posterior edge of bases of second pe-

reiopods when abdomen flexed. First pleo-

pod of form I male without shoulder on ce-

phalic surface at base of central projection;

central projection corneous, constituting

23.6-27.9% (X = 25.0, n = 15, SD = 1.3)

of total length of first pleopod, continuous

with main shaft of pleopod, tapering to a

pointed tip, tip slightly arched caudodistal-

ly; mesial process equal to or slightly sub-

equal (see Variation) in length to central

projection, non-corneous, tapering to an

acute tip, tip arched caudomesially (Fig. IE,

G). First pleopod of form II male non-cor-

neous, extending to posterior edge of bases

of second pereiopods when abdomen
flexed; central projection straight, mesial

process arched slightly caudomesially and

subequal in length; both elements tapering

to rounded tips (Fig. IH). Annulus ventralis

immovable, subrhomboidal; cephalic half

with wide median trough and 2 caudally di-

rected protuberances overhanging centrally

located fossa; sinuate sinus running from

center of fossa to caudal edge (Fig. IC).
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Description of holotypic male, form I.—
Body slightly depressed dorsoventrally, car-

apace wider than abdomen (12.7 and 11.5

mm, respectively). Greatest width of cara-

pace larger than height at caudodorsal mar-

gin of cervical groove (12.7 and 10.4 mm,
respectively). Postorbital carapace length

72.6% of total length of carapace. Areola

7.7 times longer (8.5 mm) than wide (1.1

mm) with 3 punctations across narrowest

part; length of areola 31.5% of total length

of carapace. Rostrum deeply excavated dor-

sally, floor smooth, lacking carina; margins

thickened; straight and slightly converging,

terminating in corneous spines (left spine

broken off). Acumen long and terminating

in corneous spine, reaching just posterior to

distal margin of third antennal endopod.

Postorbital ridges well developed, terminat-

ing in corneous spines. Suborbital angles

absent. Right cervical spine corneous, left

spine broken off; dorsal and branchiostegal

areas of carapace densely punctate.

Abdomen longer than carapace (28.2 and

27.0 mm, respectively). Cephalic section of

telson bearing 2 spines in each caudolateral

comer, more mesial pair movable. Proximal

podomere of uropod with spine extending

over mesial ramus and spine in caudolateral

comer extending over lateral ramus. Caudal

margin of cephalic section of lateral ramus

with 13 fixed spines and 1 movable spine

in caudolateral corner, lateral ramus with

median ridge terminating in spine. Lateral

margin of mesial ramus terminating in

spine; mesial ramus with prominent median

ridge terminating in premarginal spine.

Dorsal surfaces of telson and uropods seti-

ferous.

Antennal scale as in Diagnosis. Right an-

tennal scale 6.6 mm long, 2.4 mm wide.

Epistome as in Diagnosis.

Mesial surface of palm of right chela

with 3 rows of tubercles, 8 tubercles in me-

sialmost row, 9 tubercles in second dor-

somesial row, and 5 tubercles in third dor-

somesial row; 7 small interspersed tubercles

lateral to third dorsomesial row. Mesial and

lateral surfaces of chela and opposable mar-

gins of fingers covered with numerous se-

tiferous punctations; dorsal and ventral sur-

faces with scattered punctations. Dorsal sur-

face of finger of propodus with submedian

longitudinal ridge flanked by setiferous

punctations; basal half of opposable margin

with 5 tubercles which gradually increase

in size, fifth tubercle from base of finger

largest, 1 small corneous tubercle just distal

to midlength between fifth tubercle and dis-

tal tip of finger. Dorsal surface of dactyl

with submedian longitudinal ridge flanked

by setiferous punctations; basal half of op-

posable margin with 8 weakly developed

tubercles, 7* tubercle from base of dactyl

slightly larger than remaining 7, seventh

and eighth tubercles corneous. Finger of

propodus and dactyl with subterminal cor-

neous tip.

Right carpus with deep oblique furrow

dorsally; dorsal surface with 1 large cor-

neous spine at distolateral corner; mesial

margin with 1 large corneous procurved

spine at midlength; ventral surface with 1

large corneous spine just lateral to mid-

length of distal margin, 1 large spine just

mesial to midlength of distal margin. Dor-

sodistal surface of merus with 1 large cor-

neous spine: ventral surface with 1 large

corneous spine at distolateral corner (left

merus with 2 large corneous spines in dis-

tolateral corner) and mesial row of 10

spines; row terminating in large corneous

spine. Ischium with 1 corneous spine just

proximal to midlength of mesial margin and

1 large tubercle on distal end of mesial mar-

gin.

Hook on ischium of third pereiopod only;

hook simple, overreaching basioischial ar-

ticulation, not opposed by tubercle on basis.

First pleopod of form I male without shoul-

der on cephalic surface at base of central

projection; central projection corneous,

constituting 25.6% of total length of first

pleopod, parallel to main shaft of pleopod,

tapering to pointed tip, tip not aiched cau-

dodistally; mesial process slightly subequal

in length to central projection, non-corne-

ous, tapering to acute tip, tip arched cau-
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domesially and dorsoventally flattened (Fig.

IE, G).

Description of allotypic female.—Differ-

ing from holotype as follows: Areola con-

stituting 31.9% of length of carapace and 8

times longer than wide. Postorbital cara-

pace length 75.2% of length of carapace.

Abdomen wider than carapace (11.7 and

11.2 mm, respectively). Right cheliped de-

tached. Mesial surface of palm of right che-

la with 2 rows of tubercles, 8 tubercles in

mesialmost row and 7 tubercles in dor-

somesial row. Tuft of long setae at base of

finger of propodus. Caudal margin of ce-

phalic section of lateral ramus of uropod

with 15 fixed spines.

Sternum between third and fourth pereio-

pods narrowly V-shaped. Postannular scler-

ite 0.75 as wide as annulus ventralis (de-

scribed in Diagnosis). First pleopod unira-

mous, barely reaching caudal margin of an-

nulus when abdomen flexed.

Description of morphotypic male, form
II.—Differing from holotype as follows:

Proximal halves of rostral margins slightly

convex. Areola constituting 33.3% of

length of carapace, 6.7 times longer than

wide, and with 4 punctations across its nar-

rowest part. Postorbital carapace length

77.5% of length of carapace. Mesial surface

of palm of right chela with 2 rows of tu-

bercles, 8 tubercles in mesialmost row and

8 tubercles in dorsomesial row. Ventral sur-

face of merus with mesial row of 8 spines.

Hook on ischium of third pereiopod not

overreaching basioischial articulation. First

pleopod as described in Diagnosis.

Size.—The largest specimen examined is

a 44.7 mm CL form I male. Females (« =

10) range in size from 13.6 to 37.9 mm CL.

Form I males {n = 18) range from 16.3 to

44.7 mm CL. Form II males (n = 20) range

from 14.2 to 41.6 mm CL.

Color.—Base color of dorsal and lateral

surfaces of chelae, cephalothorax, abdo-

men, and tail fan light brown to olive green.

Dark dorsal blotches just anterior of cervi-

cal groove and at caudal margin of cepha-

lothorax visible on freshly mottled individ-

uals. Dorsal surfaces of abdominal seg-

ments dark and usually flanked laterally by

tan to light orange colored regions. Dorsal

knob at base of dactyl, tubercle at chela/

carpus articulation joint, and spines on car-

pus and merus light orange or cream col-

ored. Dorsal surfaces of chelae covered

with small dark flecks. Dark narrow stripe

along lateral margin of chelae. Fingers of

chelae with orange tips followed proximaly

by wide black bands. Dorsal surfaces of pe-

reiopods olive green. Ventral surfaces of

chelae, cephalothorax, and abdomen cream

to white.

Type locality.—Ferguson Creek at Ken-

tucky Hwy. 70, 3.2 km E Smithland, Liv-

ingston County, Kentucky. Holotype was

collected from under a piece of flat cobble,

approximately 2 m downstream of the

bridge. Ferguson Creek is a small, spring-

fed tributary of the lower Cumberland Riv-

er and, at the time of collection (11 April

2001), ranged in width from 3-6 m with an

average depth of 0.3 m. Upstream of the

bridge, stream morphology was primarily

shallow (0.1-0.2 m deep) gravel bottomed

riffles. An area of large flat cobbles oc-

curred approximately 5 m upstream of the

bridge. Downstream of the bridge, stream

morphology was primarily deeper (0.2-0.4

m deep) runs with a variable substrate com-

posed of a combination of gravel, flat cob-

ble, and mud/sand. Stream banks were well

vegetated and surrounding land was densely

wooded. The allotype and morphotype were

collected from the type-locality on 10 Oc-

tober 1972 and 29 May 1972, respectively.

Disposition of types.—The holotype, al-

lotype, and morphotype are deposited in the

Illinois Natural History Survey Crustacean

Collection as INHS 8398, INHS 8395, and

INHS 8396, respectively, as are the follow-

ing paratypes: 5 S I, 3 6 11, and 2 ?, INHS
8397. Paratypes are deposited at the Na-

tional Museum of Natural History, Smith-

sonian Institution, Washington, D.C. as fol-

lows: 2 6 1, USNM 310296 and 1 2,

USNM 310297. The localities and dates of
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Fig. 3. Known range of Orconectes margorectus, new species. 1 = Ohio River, 2 = Cumberland River.

collection are provided in the following

Range and specimens examined section.

Range and specimens examined.—Or-

conectes margorectus new species, occurs

in small tributaries of the extreme lower

Cumberland and Ohio river drainages of the

Interior Low Plateaus physiographic prov-

ince in western Kentucky (Livingston and

Crittenden counties) (Fig. 3). In the lower

Cumberland River drainage the species is

known from the Claylick, Sandy, and Fer-

guson creek drainages, all of which occur

in the Western Highland Rim Subsection of

the Highland Rim Section (Burr & WaiTen

1986). Sandy and Claylick creeks occur on

the north side of the Cumberland River and

drain interbedded limestones, sandstones,

and shales and limestones of Mississippian

age. Ferguson Creek is a northern flowing

tributary on the south side of the Cumber-

land and drains sandstones and limestones

of Mississippian age. In the Ohio River

drainage the species is only known from the

Buck, Deer, and Hurricane creek drainages,

which occur in the Marion Subsection of

the Shawnee Hills Section (Burr & Warren

1986). Buck, Deer, and Hurricane creeks

also drain interbedded limestones, sand-

stones, and shales and limestones of Mis-

sissippian age. Extensive collecting in west-

ern Kentucky and neighboring southern Il-

linois by the author and others and a search

of holdings in the National Museum of Nat-

ural History and the Illinois Natural History

Survey Crustacean Collection have failed to

document the presence of O. margorectus
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outside of the above mentioned range. In

tributaries of the Ohio River immediately

east of the Coefield-Deer Creek drainage,

the species is replaced by Orconectes

(Crockerinus) bisectus Rhoades, 1944.

More upstream tributaries of the Cumber-

land River found directly south of the range

of O. margorectus contain O. {Crockerinus)

tricuspis Rhoades, 1944. Because O. mar-

gorectus does not occur in neighboring

southern Illinois, the Ohio River to the

north of it's range has probably acted as a

barrier to dispersal for this species. Low-
land habitat of the Coastal Plain Physio-

graphic province found directly west of the

range of O. margorectus, presumably in-

appropriate habitat for the species, probably

has prevented its dispersal in that direction.

A total of 317 specimens has been ex-

amined from the following seven locations

in Kentucky: Crittenden Co.: 1) Coefield

Creek at KY Hwy 723, 13.7 km W Marion

INHS 259 (2 Aug 1973—4 c? I, 5 c? II, 3

2), INHS 7315 (22 Mar 2000—4 S l, \ 6
II); 2) Claylick Creek at Claylick Creek

Rd., 2.4 km SE Shelbys Store, INHS 8410

(20 Apr 2001—2 S I, \2 S II, 5 2); 3)

Hurricane Creek at Glendale Creek Rd., off

Co. Rd. 1668, USNM 176924 (5 May
1976^ S II, 1 juv. (?, 1 9, 1 juv. ?);

Livingston Co.: 4) Type locality, Ferguson

Creek at KY Hwy 70, 3.2 km E Smithland

INHS 8398 (11 Apr 2001—holotype),
INHS 8395 (11 Apr 2001 -allotype), INHS
8396 (11 Apr 2001-morphotype), INHS
8397 (11 Apr 2001—5 cJ I, 3 c? H, 2 9

paratypes), INHS 355 (25 Nov 1972-6 6 I,

6 (? n, 16 9), INHS 352 (16 Jan 1973—2
(? L 8 juv. c?, 4 9, 15 juv. 9), INHS 356

(20 Feb 1973-2 6 I, 5 S \l, U 9), INHS
343 (3 Mar 1973—5 S I, 3 juv. <?, 7 9, 1

juv. 9), INHS 349 (23 Mar 1973—9 6 I,

3 juv. (?, 1 9, 8 juv. 9), INHS 347 (20

May 1973—2 S H, 10 juv. c?, 1 9, 2 juv.

9), INHS 358 (19 Jun 1973—4 9), INHS
359 (21 Apr 1974—2 S I, 10 juv. c?, 3 9,

3 juv. 9); 5) Foreman Creek at Lola INHS
334 (2 Aug 1973—45 juv. 3 , 3\ juv. 9);

6) Sandy Creek at KY Hwy 1433, 4.5 km

SW Salem INHS 8405 (20 Apr 2001—1 6
1,9 6 n, 1 9); 7) Buck Creek 1.6 km E
Joy INHS 338 (20 Jun 1973—2 S I, 2 S
n, 9 juv. 3,2 9, 10 juv. 9).

Etymology.—margo L. (= margin) + rec-

tus L. (= straight). In reference to the

straight edged margin of the incisor region

of the mandible found on the species.

Habitat and life-history notes.—Orco-

nectes margorectus, new species, occurs in

small streams with substrates of cobble and

gravel intermixed with mud. Within these

streams, the species was most commonly
encountered under flat cobble in areas of

moderate flow. The cobble under which the

species occurred was variable in size, rang-

ing from 10 cm wide X 10 cm long to 25

cm wide X 25 cm long. At several sites the

species was collected from woody debris

piles in mid-channel or woody vegetation

root masses along stream edges.

Form I males have been collected in the

months of January, February, March, April,

and November. Copulation most likely oc-

curs in late fall or early winter as females

with sperm plugs were observed in January

and February collections. Ovigerous fe-

males have been collected in March and

April. Ferguson Creek at the type locality

(site #4 in above "Range and specimens ex-

amined" section) was sampled monthly be-

tween November 1972 and June 1973.

Those collections failed to record ovigerous

females after April.

Crayfish associates.—The following spe-

cies were collected from habitats containing

O. margorectus, new species: Cambarus
(Erebicambarus) tenebrosus Hay, 1902,

Cambarus (Lacunicambarus) diogenes Gi-

rard, 1852, and Orconectes (Trisellescens)

immunis (Hagen, 1870).

Variation.—Several ontogenetic varia-

tions are observed in O. margorectus, new
species, none of which show any geograph-

ic patterns of distribution. In some smaller

individuals the proximal halves of the ros-

tral margins are slightly convex. In form I

males, the length of the mesial process of

the first pleopod in comparison to the length
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of the central projection is highly variable.

In some individuals the mesial process is

slightly shorter than the central projection

while in others the mesial process is of

equal length to the central projection. In ad-

dition, the number of palmar tubercles is

variable, with either two or three rows be-

ing present.

Comparisons.—Orconectes margorec-

tus, new species, differs from all other

members of the genus Orconectes in pos-

sessing a unique combination of form I

male pleopod and mandible characters.

Other Orconectes species that possess a

form I pleopod without a shoulder and have

straight terminal elements approximately 24

to 28% of the total length of the pleopod

include O. (Crockerinus) eupunctus Wil-

liams, 1952, O. (C.) illinoiensis Brown,

1956, O. {C.) propinquus (Girard, 1852), O.

(C.) rafinesquei Rhoades, 1944, O. (C)

sanbornii (Faxon, 1884), and O. (C.) tri-

cuspis Rhoades, 1944. Orconectes margo-

rectus differs from all of these species in

possessing a straight edged incisor region

of the mandible (Fig. 2A), rather than an

indented incisor region (Fig. 2B). While O.

(C.) jejfersoni Rhoades, 1944 possesses a

form I pleopod with short, straight terminal

elements and a mandible with a straight

edged incisor region, its terminal elements

are longer than those of O. margorectus.

Orconectes jejfersonVs terminal elements

average 32% of the total length of the ple-

opod while those of O. margorectus aver-

age 25%.

Relationships.—The form I male pleo-

pod of O. margorectus, new species, is

most similar in length and general shape to

those of members of the subgenus Crock-

erinus, and O. margorectus, new species, is

assigned to that subgenus. Fitzpatrick

(1987) subdivided Crockerinus into five

groups: Sanbornii, Marchandi, Propinquus,

Rafinesquei, and Shoupi. Following Fitz-

patrick's (1987) hypothesis that characters

associated with amplexus are most useful

for inferring phylogenetic relationships, O.

margorectus most likely belongs to the Raf-

inesquei group. Orconectes margorectus

shares with other members of the Rafines-

quei group the following characters: central

projection of form I male pleopod compris-

ing 22 to 29% of total length of pleopod

and distinct trough through cephalic half of

annulus ventralis. The placement of O.

margorectus in the Rafinesquei group also

is supported biogeographically given that it

occupies a range closer to those of other

members of the Rafinesquei group than to

other members of the subgenus. With the

exception of O. rafinesquei, which inhabits

the Rough River drainage of west-central

Kentucky, all members of the Rafinesquei

group occur in the lower Cumberland, Ten-

nessee, and Ohio river drainages of extreme

western Kentucky and southern Illinois

(Hobbs 1989). Given the overall similarity

in pleopod, rostrum, and chela shape, I hy-

pothesize that the closest relative of O. mar-

gorectus to be O. rafinesquei. Future anal-

yses using a combined data set of both mo-
lecular and morphological characters

should help elucidate the relationships with-

in the subgenus Crockerinus.
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Abstract.—Abdominal tergite development is described and illustrated for

the megalopal and first seven crab stages of the golden king crab, Lithodes

aequispinus Benedict, supplemented by additional information from stage 12.

The results of this study, the first to encompass more than the first five juvenile

stages in any lithodid species, have shown conclusively that at least in the

genus Lithodes, the marginal plates of the adult second tergite are not homol-

ogous with the so-called marginal plates of the third through fifth tergites; and

that tergite development is not particularly stage related. Additionally, the

paired abdominal pleopods of the megalopa that are lost in both sexes with the

molt to the second crab stage, reappear on the left side of the abdomen in

females at the fifth or sixth crab stage.

Since McLaughlin & Lemaitre's (1997)

proposition that hermit crabs were not the

evolutionary ancestors of king crabs, con-

siderable emphasis has been focused on the

megalopal and early juvenile development

in the latter group (Grain & McLaughlin

2000a, 2000b; McLaughlin & Lemaitre

2001, McLaughlin et al. 2001, 2002). Al-

though these studies have greatly enhanced

our understanding of tergite development

and pleopod loss during the very eeirly ju-

venile stages, none have provided detailed

information beyond crab stage 3. For the

first time, it is possible to trace these chang-

es from the megalopa through juvenile

crabs of approximately three years of age.

These new data provide not only further in-

formation on tergite development and early

juvenile pleopod loss, but also the reap-

pearance of pleopods and sexually associ-

ated changes allied with female tergite

asymmetry.

The data base of this study includes an

uninterrupted series of specimens from the

megalopal stage and crab stages 1-7, sup-

plemented by an intermittent series through

nearly three years of rearing. Larvae were

hatched in the Seward Marine Center lab-

oratory from adult female golden king

crabs captured with crab pots at depths of

108 to 152 m on the western side of Prince

William Sound, Alaska (Paul & Paul 2001).

Zoeae and megalopae were reared in groups

of ten in 4 1 glass containers held in a water

bath at ambient incoming seawater temper-

ature (Adams & Paul 1999, Paul & Paul

1999). Being lecithotrophic (Shirley &
Zhou 1997), these larvae were not fed. Be-

ginning with crab stage 1, and continuing

though all juvenile stages, the crabs were

fed shrimp, live mussel and squid alternat-

ing every other day, with excess food re-

moved on the following day. Each day the

containers were examined for exuviae and

mortalities, which were removed and noted.

Each 4 1 glass container had 500 ml of raw

seawater replaced every other day. When
the crabs reached carapace lengths greater

than 5 mm, they were placed in 12 1 aquaria

with running seawater for a study on inter-
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molt duration and supplemental morpholog-

ical study.

The specimens, including exuviae, were

preserved in isopropyl alcohol and at the

time of examination, transferred to 70%
ethyl alcohol for permanent storage. Me-
galopal and early crab stage specimens

were stained with Chlorazole Black E prior

to study. Examinations were conducted us-

ing a Wild M-5 dissecting microscope pro-

vided with 15 X oculars. Illustrations were

made with the aid of a camera lucida

mounted on that microscope. The abbrevi-

ation cl (carapace length, as measured from

the tip of the anterior rostral process in ear-

ly stages, or from the fork of the dorsal ros-

tral processes in later stages, to the mid-

point of the posterior carapace) provides an

indication of specimen size. Measurements,

to the nearest 0.1 mm, were made with an

ocular micrometer through crab stage 3, and

with a pair of Mitutoyo calipers in subse-

quent stages.

Results

Megalopa (cl = 2.1-2.4 mm; n = 4): The
integument of the megalopal abdomen is

entirely chitinous; the six somites (Fig. lA,

B) are distinct. The tergite of somite 1 is

armed with pair of very prominent spines

in the dorsoproximal midline. Tergites 2-6

each have an anterodorsal pair of spines in

midline, largest on somite 3; tergites 2-4

also have a row of four posterodorsal, and

two pairs of lateral, simple or bifid spines.

Tergites 5 and 6 each has pair of small, an-

terodorsal and a pair of posterodorsal spines

in midline, and tergite 5 also has pair of

anterolateral spines. Paired biramous pleo-

pods are present on somites 2—5; the exo-

pods each with 11—13 long plumose setae,

the endopods each with an appendix mas-

culina consisting of three small hooks. So-

mite 6 has a pair of uniramous uropods,

each with one subterminal and two terminal

long setae.

Crab stage I (n = 17 + 27 exuviae; cl

= 2.4-2.7 mm): The abdomen is strongly

flexed and held closely against the cepha-

lothorax; tergites (Fig. ID) of somites 1, 2,

and 6 remain chitinous or become weakly

calcified. Tergite 1 is distinct and undivid-

ed. In contrast, tergite 2 now has the two

or three-spined marginal plates partially to

entirely separated; the broad central plate

has only the prominent anterodorsal pair of

spines in midline and a row of four smaller

posterodorsal spines. The tergite of somite

3 also shows complete or partial separation

of weakly calcified marginal plates, as iden-

tified by the marginal spines of megalopa.

Similar divisions of the marginal plates of

the tergites 4 and 5 are indicated by partial

to complete sutures. The lateral plates of

tergites 3-5 are faintly delineated, and

sometimes slightly calcified, but with

marked reduction of the posterodorsal

spines of megalopa. The median regions re-

main chitinous or are becoming thinly

membranous; megalopal spines are some-

times still present, but more frequently only

indicated by setal projections. Somite 6 is

now weakly calcified. The paired, biramous

pleopods of the megalopa are reduced to

uniramous "stumps" (Fig. IC). The me-

galopal uropods are vestigial or completely

absent.

Crab stage 2 (n = I + 21 exuviae; cl =

3.2-3.6 mm): Tergites (Fig. IE) of somites

1, 2, and 6, as well as the telson are mod-
erately well calcified. The undivided tergite

1 is reduced in size but still armed with a

very prominent dorsomedian pair of spines.

The central plate of tergite 2 has an addi-

tional large spine near each anterodorsal an-

gle, and frequently a small posterodorsal

spine near each posterolateral angle; the

marginal plates each are well calcified and

have three prominent spines. Tergites 3-5

cire entirely membranous medially; irregular

lateral plates are delineated and weakly to

moderately well calcified; well calcified

marginal plates are usually separated from

the lateral plates, at least on somites 3 and

4. Tergite 6 retains a pair of small spines

anteriorly and posteriorly. The telson is un-

armed. Pleopods are entirely absent.
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Fig. L Abdominal tergites and telson of Lithodes aequispinus Benedict, 1895; A, B, megalopa; C, crab

stage 1 (sternal view) 1 ; D, E, crabs stages with tergites 1 and 2 shown separately from tergites 3-6 and telson

because of abdominal flexion. A, lateral view; B, dorsal view; C, crab stage I with reduced pleopods: D, crab

stage 1; crab stage 2. Roman numerals I-VI indicate abdominal tergites; T indicates telson. Scale equals 0.5

mm.
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Crab stage 3 (n = 8 + 19 exuviae, cl =

3.8-4.7 mm): Tergites (Fig. 2A) 1, 2, 6,

and the telson are better calcified. The me-

dian pair of spines on tergite 1 is still very

prominent. The four anterodorsal spines of

tergite 2 are reduced in size, an additional

pair is present medially, and frequently a

very small spine as been added above each

posterolateral angle. The lateral and mar-

ginal plates of tergites 3-5 may be undi-

vided, completely and widely separated,

separated but contiguous, or partially re-

joined. The median area of tergite 3 fre-

quently will have two or sometimes and

entire row of small calcified nodules an-

teriorly, whereas these regions of tergites

4 and 5 remain cotnpletely membranous or

show only one or two pairs of minute,

slightly calcified granules. However, two

or three accessory, and usually spinose,

calcified nodules often can be detected de-

veloping in the marginal integument on

one or both sides. Tergite 6 is larger than

in the previous stage, but otherwise un-

changed, whereas the telson now is armed

with a pair of small spines.

Crab stage 4 (n = 13, all exuviae, cl =

5.6-7.2 mm): Tergite 1 remains unchanged.

Tergite 2 (Fig. 2B) usually has another an-

terolateral spine on each side; the postero-

medial spine is larger and an additional tiny

pair of median spines is often present an-

teriorly. The lateral and marginal plates of

tergites 3-5 show considerable variation,

but usually are partially to completely re-

joined. The median area of each tergite

most frequently has a few calcified nodules,

most numerous and largest on tergite 3.

Much more prominent and usually spini-

form accessory nodules are now present on

both, or only on the right side of the mar-

ginal integument. Tergite 6 and the telson

show increases in size, but otherwise re-

main unchanged.

Crab stage 5 (« = 5, 2 cJ, 3 2 + 15

exuviae, 4 d, 6 ? clearly identifiable); cl

= 6.5-8.4 mm): Sexual dimorphism, as in-

dicated by tergite development (Fig. 2C, E)

is now clearly apparent. Tergite 1 remains

unchanged in both sexes, whereas the num-
ber of spines present on the median plate

of tergite 2 has frequently, but not uniform-

ly, increased. In one specimen a small

fourth spine is present anteriorly on the

right marginal plate of this tergite.

Fusion of the marginal and lateral plate

elements of tergites 3-5 in males may or

may not be complete, and while their

shapes are irregular, the pairs are generally

symmetrical in size. Spiniform nodules can

be observed developing in the marginal in-

tegument on both sides of the abdomen.

The median areas remain membranous but

with a slight increase in the number of cal-

cified nodules.

At this stage in females, the usually, now
entirely fused lateral and marginal plates of

tergites 3—5 are somewhat to appreciably

larger on the left side of the abdomen than

on the right; however on the right side sev-

eral accessory spiniform nodules have de-

veloped in the integumental margin. Similar

nodular development is completely lacking

on the left side. As in males, the median

areas of these tergites, while still membra-
nous, show slight increases in the number
of calcified nodules present, some of which

are minutely spinulose. With one exception,

there is no indication of pleopods on any of

the somites; however, incipient gonopores

occasionally can be observed on the coxae

of the third pereopods. The exceptional fe-

male (cl = 6.5 mm) has minute, uniramous

buds on somites 2—5 (Fig. 2D).

Crab stage 6(« = 2 ? -I- 16 exuviae, 7

S, 5 2 clearly identifiable; cl = 8.1-10.9

mm): The marginal plates of tergite 2 (Fig.

3A) each now usually has a small spine pre-

sent at the inner posterodorsal angle, and

occasionally one or two additional spines

are present on the dorsal surface of the me-

dian plate. The median areas of tergites 3-

5 in both sexes show an increase in the

number and size of calcareous nodules. In

males the size and number of accessory spi-

niform nodules increases in the marginal in-

tegument on both sides, whereas develop-

ment of these nodules is still restricted to
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Fig. 2. Abdominal tergites and telson of Lithodes aequispinus Benedict, 1895; tergites 1 and 2 shown

separately from tergites 3-6 and telson because of abdominal flexion. A, crab stage 3; B, crab stage 4; C, male

crab stage 5 (tergal view); D, left side of somites 3-5 of female crab stage 5 (sternal view showing developing

pleopods); E, female crab stage 5 (tergal view). Scales 0.5 mm (A) and 1.0 mm (B-E).
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Fig. 3. Abdominal tergites and telson of Lithodes aequispinus Benedict, 1895; A, C, D, tergites 1 and 2

shown separately from tergites 3-6 and telson because of abdominal flexion. A, normal sixth female crab stage;

B, abnormal sixth female crab stage; crab stage 7; crab stage 12. Scales equal 1 mm.

the right side in females. Tergite 6 in both

sexes usually has a small spine developing

on each posterodorsal angle. Very small

(0.5-0.6 mm length) pleopod buds are now
apparent ventrally on somites 2-4 of the

two preserved females; gonopores are de-

tectable on the female exuviae. One of the

preserved females (cl = 10.2 mm) exhibits

reversal in tergite and pleopod asymmetry.

The stage 6 abnormal female has larger

fused lateral/marginal plates on tergites 3—

5 (Fig. 3B) than is seen in the normal fe-

male (cl = 9.7 mm), as well as much more
advanced development of the accessory spi-



144 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

niform nodules, that have even begun to

fuse to form weak plates.

Crab stage 7 (« = 1 ? + 6 exuviae, 4

(J, 2 ?; cl = 10.0-12.6 mm): Tergite 1

(Fig. 3C) now has a pair of very small

spines developing at the inner bases of the

prominent median dorsal pair. Tergite 2 re-

mains generally unchanged. The most no-

ticeable changes in tergites 3—5 are seen in

the increased number of calcareous nodules

in the median areas. An additional pair of

small anterolateral spines is now present on

the telson. Female uniramous pleopods are

present on somites 2-5 and are slightly lon-

ger on somites 2-4 than in the previous

stage.

Crab stage 12 (n = 3, 2 c?, 1 5, + 8

exuviae, 4 c?, 2 ? clearly identifiable); cl

= 11.1-14.8 mm): The additional pair of

spines on tergite 1 has increased slightly in

size. Tergite 2 remains generally un-

changed. The calcareous nodules forming a

row adjacent to the anterior margin of ter-

gite 3 (Fig. 3D) are beginning to fuse, and

additional areas of calcification in the me-

dian regions frequently are apparent. In fe-

males, the accessory plates on the right side

have begun to fuse and form segmental

"marginal" plates; however, in the male

specimens available, these nodules remain,

for the most part, as separate spiniform

structures in the marginal integument on

both sides. However, to imply that this is

another example of dimorphic development

may well be an artifact of limited sample

size. Females pleopods have increased in

length to approximately 0.75 mm.
Later stages: Only a few specimens of

various subsequent stages are available, but

from these, it is apparent that rate of de-

velopment of the median nodular areas of

tergites 3-5 is extremely variable. Similar-

ly, although the accessory nodular fusion

and accompanying plate formation was first

observed in a stage 12 female (cl = 14.7

mm), a much larger and considerably older

female (cl = 26.3 mm, pleopod length of

1.8 mm) had large, but distinct accessory

spiniform nodules exhibiting no sign of fu-

sion. In contrast, a male (cl = 23.5 mm)
showed nearly complete fusion of the ac-

cessory nodules with accompanying "mar-

ginal" plate development. Additionally, in

this specimen the nodules of the anterior

marginal row of tergite 3 had fused to form

a solid ridge that was partially fused to the

second tergite. However, a second male of

the same size exhibited neither fusion of the

accessory marginal nodules on tergites 3-

5, nor of the upper row of nodules on ter-

gite 3. A slightly larger male (cl = 29.0

mm) had an anterior row of fused nodules,

but this ridge was clearly separated from

tergite 2, whereas the median areas of ter-

gites 3-5 were filled with rows of contig-

uous or partially fused nodules. The largest

female specimen available (cl = 31.8 mm)
had left uniramous pleopods measuring

2.1-2.3 mm in length. No development of

paired first pleopods could be detected.

Discussion

Early tergite development in Lithodes ae-

quispinus Benedict, 1 895 parallels that seen

in L. santolla (Molina, 1782) (cf. Mc-
Laughlin et al. 2001). In both species there

is considerable variation in the rate at which

the lateral and marginal plates of tergites 3-

5 separate and rejoin. Similarly, in both

species accessory calcareous nodules or

spinules first appear in the marginal integ-

ument at crab stage 3. McLaughlin et al.

(2001) had only limited information beyond

crab stage 3.

McLaughlin, et al. (2001) were able to

confirm that the calcareous nodules ob-

served in the integumental margins of ter-

gites 3-5 in L. santolla began to fuse to

form the so-called "maiginal plates" of the

adult. These authors pointed out that the

marginal plates of tergite 2 were analogous

with, but not homologous with those of ter-

gites 3-5. As we have seen in the very early

juvenile stages of L. aeqiiispinus, there is

initial division of the tergites, first with sep-

aration of marginal plates of the tergite 2,

and subsequently delineation and separation
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of lateral and marginal plates of tergites 3-

5. However, plate division in these latter

tergites of Lithodes is not as decisive as is

seen in Lopholithodes (cf. Grain & Mc-
Laughlin 2000a) or Acantholithodes (cf.

McLaughlin & Lemaitre 2001). This may,

in part, be attributable to the lack of initial

calcification of the megalopal integument in

Lithodes. However, in Paralomis, although

the tergites all were well calcified in the

megalopal and early crab stages, Mc-
Laughlin, et al. (2002) found no marginal

plate separation in tergites 3-5 at any stage

through crab stage 5.

With the megalopal metamorphosis in

Lithodes, the tergites of somites \, 2 and 6

begin to calcify, byt those of tergites 3-5

remain chitinous. Although each marginal

plate delineation in these latter tergites ap-

pears initially with a suture forming be-

tween the marginal region and the remain-

der of the tergite as in other genera, the

same is not the case for the lateral plates.

In the two species of Lithodes that have

been studied, demarcation of the lateral

plates occurs principally through increased

calcification of the lateral portions of each

tergite, and the accompanying loss of chitin

in the median portion. However, once sep-

arated, at crab stage 3 in the most preco-

cious individuals, these lateral and marginal

plates begin to undergo refusion. It is also

at this stage that the first appearance of cal-

cified nodules can be detected. Neither the

process of the rejoining of marginal and lat-

eral plates, nor the subsequent growth and

ultimate fusion of the accessory nodules in

the marginal integument to form plates is

stage related. Both proceed at highly vari-

able individual rates. Nevertheless, when
the mature crab is examined, as descriptions

of adult Lithodes abdomens reflect (e.g.,

Dawson & Yaldwyn 1985, Macpherson

1988), the observer sees an abdomen with

a small, entire tergal plate 1, a three-sec-

tioned tergite 2, heretofore thought to have

been formed by the fusion of lateral and

median plates, and tergites 3-5 formed by

nodular marginal plates, weakly spinose or

tuberculate lateral plates, and median plates

represented by a series of fused nodules.

From the evidence presented herein, these

observations and descriptions are errone-

ous. Tergite I is correctly interpreted as be-

ing entire. The three-plated condition of ter-

gite 2 results from the sundering of the mar-

ginal plates. Tergites 3-5 do reflect a three-

plated condition, but not as interpreted by

previous authors. The "marginal" plates

actually are formed in the marginal integ-

ument by the development and fusion of ac-

cessory, spiniform nodules, whereas the

"lateral" plates represent the fused margin-

al and lateral plates of the early juvenile

tergites. The "median" plates have resulted

from calcification, in the form of nodules,

that has occurred in the central portion of

the membranous integument of the juvenile

tergites.

The first indications of sexual differenti-

ation are sometimes seen as early as stage

4 where development of the accessory mar-

ginal spines becomes more apparent, and in

some individuals is observed only on the

right side. Nonetheless, since individual de-

velopment is so highly variable, this cannot

be viewed with assurance as an accurate in-

dicator of sex. Similarly, the lateral and

marginal plates still may be completely dis-

tinct, or partially to completely rejoined.

However, by crab stage 5, in some speci-

mens, the fused lateral-marginal plates of

tergites 3-5 have enlarged slightly on the

left side of the abdomen indicating that

these individuals are females; accessory

marginal spines or nodules have developed

only on the right. In contrast, in males the

marginal and lateral plates remain approx-

imately the same size on both the right and

left sides, while accessory spines or spinu-

lose nodules are clearly apparent in the

marginal integument on both sides. Despite

the change in plate size from left to right in

females, there is yet no skewing of the ab-

domen, as reflected by the deflection of ter-

gite 6 and the telson to the right in mature

females.

Female pleopod development in Lithodes
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appears not to be entirely stage dependent.

In L. aequispinus, the first indication of de-

veloping pleopods occurred at stage 5 or 6.

In one preserved female of crab stage 5,

minute buds were present on somites 2-5,

whereas in the other two, no buds were ob-

served at this stage. The two preserved fe-

males of crab stage 6 both had small uni-

ramous buds only on somites 2-4; the ple-

opod of somite 5 was present in the single

preserved stage 7 female. McLaughlin et al.

(2001) found no pleopod development in

their two females of stage 5 L. santolla.

Sandberg & McLaughlin (1998) reported

that no female pleopod development ac-

companied the first indications of plate

asymmetry in juvenile specimens of L.

maja (Linnaeus, 1758) with carapace

lengths of less than 6.0 mm from museum
collections, but they were not able to stage

their specimens. In females with carapace

lengths between 6.6 and 10.5 mm, rudi-

mentary pleopods were observed on so-

mites 2—4, but in only one instance was a

pleopod bud also present on somite 5. It

was only in females of carapace lengths of

13.6 mm and larger that all four pleopods

routinely were present.

In our very small sample of identifiable

females (<30), two exhibited reversed ab-

dominal asymmetry. Zaklan (2000), in a

note on reversed asymmetry in Lithodes

maja, commented that although the fre-

quency of reversed abdominal asymmetry
was unknown, it was thought to be low for

Lithodes and other king crabs. However,

she quoted Campodonico (1978) as having

estimated that 2.5% of the population of

Paralomis granulosa (Jacquinot in Hom-
bron and Jacquinot, 1 846) in Porta Zenteno,

southern Chile, exhibited this abdominal re-

versal. A review of Campodonico's (1978)

report suggests that he was referring to the

tendency in 2.5% of the females for the left

chela to be larger than the right. He had

only a single female specimen that exhib-

ited abdominal reversal, although he indi-

cated in an addendum that there were other

unpublished records of this phenomenon.

Zaklan (2000) went on to suggest that her's

was the first report of accompanying che-

liped reversal, although Sandberg & Mc-
Laughlin (1998) had observed similar re-

versals in both chelipeds and abdomen in a

Scandinavian specimen of L. maja. Only

one of our two females that exhibited re-

versed abdominal asymmetry still had its

chelipeds attached; however in that speci-

men cheliped reversal also occurred. Since

only females show abdominal plate asym-

metry, and females are usually selectively

avoided in fisheries catches, it is quite pos-

sible that reversed asymmetry is more fre-

quent than heretofore thought, just simply

not readily observed.
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A new species of Anilocra (Crustacea: Isopoda: Cymothoidae),

ectoparasitic on the mako shark Isurus oxyrinchus
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Abstract.—The description of a new species of the isopod genus Anilocra

(Cymothoidae), ectoparasitic on the shark Isurus oxyrinchus, from the Gulf of

Mexico, off the Port of Veracruz, is presented. The diagnostic characters of

Anilocra elviae are: ornamentations in the first four pereonites, large eyes,

bilobed labium, 14 setae on the third article of the mandibular palp, dactyli of

pereiopods 1-6 strongly curved, pleopods thick and large, and uropods ex-

tending well beyond the posterior margin of the pleotelson.

The genus Anilocra Leach, 1818 (Iso-

poda: Cymothoidae) is composed of species

that are ectoparasitic on a wide variety of

fishes belonging to a number of families

worldwide (Trilles 1994). Although 10 of

the 46 species of Anilocra have been re-

ported for the Caribbean Sea (Schioedte &
Meinert 1881, Williams & Williams 1981,

Kensley & Schotte 1989, 2000), only one,

A. acuta Richardson, 1910, has been pre-

viously found in the Gulf of Mexico (Bow-

man et al. 1977).

Regarding the hosts, many isopod spe-

cies have been reported as elasmobranch

ectoparasites from all the world's oceans,

including Anilocra physodes (Linnaeus,

1758), found in Torpedo and Squatina

(Trilles 1994). In the present study a new
species of Anilocra, ectoparasitic on the

mako shark, Isurus oxyrinchus, Rafinesque,

1810, is described from the Gulf of Mexico.

Isopods were removed from the shark

and preserved in 70% ethanol and mea-

sured for total length (TL, from anterior

margin of head to posterior margin of pleo-

telson) and maximum width (W). Mouth-

parts and appendages were dissected and

figures were drawn using a Nikon stereo-

microscope with a camera lucida. Type

specimens are deposited in the National

Crustacean Collection (CNCR) of the Insti-

tute of Biology, of the National Autono-

mous University of Mexico (UNAM), Mex-
ico City.

Anilocra elviae, new species

Figs. 1-2

Material examined.—Holotype (female),

37.4 mm TL, 17 mm W (CNCR 18873);

paratype (male), 25 mm TL, 7 mm W
(CNCR 18873). The host shark (1.16 m of

standard length) was captured with a long

line set at a mean depth of 35 m, in waters

of the Gulf of Mexico off the Port of Ve-

racruz, Mexico (19°12'N, 95°39'W), in

June of 1999, by the commercial vessel Al-

eta Azul. Both isopods were removed from

the host's claspers.

Description of holotype.—Body elongat-

ed, oval-shaped, twice as long as wide.

Head partially sunken in pereonite 1, lateral

margins converging towards a projected,

broadly convex rostrum (Fig. lb). Eyes big,

occupying % of head. In lateral view, per-

eonites 1-3 flat, becoming progressively
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1mm

1mm

Fig. 1. Anilocra elviae, new species (CNCR 18873), female holotype (a, b, d) and male paratype (c, e): a,

lateral view; b, dorsal view; c, lateral view; d, head, ventral view; e, head, dorsal view.
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Fig. 2. Anilocra elviae, new species, female holotype (CNCR 18873) except for j from paratype: a, right

mandible; b, left mandibular palp; c, detail of left mandibular palp: d, maxillule 2; e, detail of maxillule 2: f,

maxilla 1; g, detail of maxilla 1; h, maxilliped; i, detail of apex of maxilliped: j, pleotelson, dorsal view; k,

pereiopod 1; 1, pereiopod 6; m, pereiopod 7; n. pleopod 1; o. pleopod 2; p. pleopod 3; q, pleopod 5.
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Table 1.—Comparison of the genus Anilocra Leach, 1818, with Pleopodias Richardson, 1910.

Anilocra Pleopodias

Cephalon Anterior margin folded ventrally not con-

cealing basal article of antennule

Posterior margin weakly or not trilobed

Pleon Becoming narrower posteriorly

Maxilla Medial lobe partially fused

Spines small and simple

Mandibular palp Articles robust, article 3 setose and shorter

than article 2

Pereiopod 7 With few spines

Anterior margin folded ventrally conceal-

ing basal article of antennule

Posterior margin not trilobed

Not becoming narrower posteriorly

Medial lobe distinct

Spines prominent and nodulose

Articles slender, article 3 longer than arti-

cle 2

With many spines

higher; pereonite 5 the highest, remaining

pereonites decreasing in height posteriorly

(Fig. la). Pereonite 1 with two small de-

pressions, followed posteriorly by shallow

groove parallel to posterior margin. Pereon-

ites 2-3 with middle depressions on ante-

rior margin. Pereonite 4 with depression on

anterior margin, covering middle % of mar-

gin. Pereonites 5-7 smooth (Fig. lb). First

antenna with articles decreasing in diameter

posteriorly, reaching posterior margin of the

pereonite 1. Second antenna reaching the

posterior margin of pereonite 3 (Fig. la).

Cephalon folded ventrally, appearing as tri-

angular plate, longer than diameter of first

antenna (Fig. Id). Labrum wider than long,

superior margin convex; labium bilobed.

Mandible with strong, pigmented tooth, in-

serted subdistally; distal article short, armed
with 14 apical setae, middle article with dis-

tolateral seta (Fig. 2a-c). First maxilla elon-

gate, with 3 short, curved distal teeth (Fig.

2f-g). Second maxilla slender, elongated,

with 4 apical teeth, second one thicker (Fig.

2d-e). Maxilliped with article 3 longer than

wide, bearing 3 distal, short, hook-shaped

spines (Fig. 2h-i). Pereiopods 1-6 with

dactylus strong, deeply curved, reaching ar-

ticulation of articles 4-5 (Fig. 2k—1). Pe-

reiopod 7, the longest, propodus longer than

wide, dactylus not as curved as in pereio-

pods 1-6 (Fig. 2m). Coxae elongated, cox-

ae 1-4 barely touching, coxae 4-7 with

posterior portion curved downwards. Pleon-

ite 1 with lateral portions exposed, protect-

ed by posterior lateral lobes of last pereon-

ite. Remaining pleonites free, curved back-

wards. Pleotelson longer than wide, round-

ed posterior margin, low longitudinal crest

along central portion. Pleopods foliate, bor-

ders thicker in both rami, bulky and long,

difficult to fold under pleon, easily observ-

able in dorsal view. Pleopod 1 with rami of

unequal size (Fig. 2n). Pleopod 2 of male,

with appendix masculina of about the same

length as internal ramus (Fig. 2o). Pleopod

3 with the endopod shorter than exopod,

with small basal fold (Fig. 2p). Pleopod 5

with the endopod % the length of exopod,

with more than 6 folds. Uropods elongated,

narrow, rami of unequal length, extending

well beyond posterior margin of telson.

Description of paratype.—Differing

from holotype in the following respects:

smaller in size; body narrower, elongated;

eyes bigger, approximately rectangular,

touching each other; anterior pereonites

smooth, without depressions; uropods ex-

tending slightly beyond posterior margin of

pleotelson.

Remarks.—The new species described

herein is placed in the genus Anilocra based

on the following characters, which separate

it from the morphologically similar Pleo-

podias Richardson, 1910 (Table 1): poste-

rior margin of cephalon weakly trilobed,

anterior portion of cephalon folded ventral-

ly not concealing basal article of antennule,

pleon not becoming narrower posteriorly,

medial lobe of maxilla partially fused,

spines on the maxilla small and simple, ar-

ticles of mandibular palp robust, article 3
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setose and shorter than jirticle 2, and pe-

reiopod 7 with few spines. However, in the

new species the antennular articles 4-8 are

intermediate between those of Anilocra and

Pleopodias shown by Bruce (1986).

In addition, A. elviae differs from A.

morsicata Bruce, 1987, the most morpho-

logically similar species, in possessing or-

namentations in the first 4 pereonites

(smooth in A. morsicata), bigger eyes, a

clearly bilobed labium, 14 setae on the third

article of the mandibular palp (10 in A.

morsicata), dactyli of pereiopods 1-6 more
strongly curved, and thicker and larger ple-

opods, visible in dorsal view. Moreover, A.

elviae is the first species of the genus re-

corded from the mako shark.

Etymology.—The species is named after

first author's wife Elvia Perez.
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Description of Spelaeoecia saturno, a new species from an anchialine

cave in Cuba, (Crustacea: Ostracoda: Myodocopa: Halocyprididae)
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Abstract.—A new troglobitic halocyprid species of Ostracoda, Spelaeoecia

saturno, is described from Cueva El Saturno, Holguin Province, northeast coast

of Cuba. Also, Spelaeoecia cubensis Kornicker & Yager, 1996, is reported from

two additional caves in southern Matanzas Province: Cueva El Brinco and

Cueva 1900.

Two troglobitic species in the Halocypri-

da have been described previously from

caves in Cuba: Danielopolina orghidani

(Danielopol, 1972), from northern Matan-

zas Province, and Spelaeoecia cubensis

Kornicker & Yager, 1996, from southern

Matanzas Province. Also, Thaumatocypris

sp. (= Danielopolina sp.) was reported

from Santiago de Cuba Province by Orgh-

idan et al. (1977:30) (see Kornicker & Ya-

ger 1996:15). Spelaeoecia cubensis is re-

ported herein from two additional caves in

southern Matanzas Province, and a new
species of Spelaeoecia is described herein

from Holguin Province (northeast coast).

The distribution of anchialine halocyprids

in Cuba is shown in Fig. 1 and Table 1.

Descriptions of caves.—Cueva El Satur-

no is an anchialine cave located on the

northern coast of Holguin Province, Cuba,

near the international airport for the seaside

resort of Varadero Beach, east of Havana.

Because of its locality near the resort, the

cave is heavily used by tourists who snorkel

and swim in the surface waters. Analysis of

water chemistry indicates two density in-

terfaces with an increase in salinity and a

decrease in dissolved oxygen with increas-

ing depth (Table 2).

Cueva El Brinco and Cueva 1900 are lo-

cated on the southern coast of Matanzas

Province, Cuba, near the resort town of Pla-

ya Giron, and less than one kilometer from

the Caribbean Sea. Cueva El Brinco is a

narrow, deep crack or fault cave. It is oli-

gotrophic, supporting little life. Both caves

are in close proximity to Cueva de los Car-

boneros and Casimba Susana (also known
as Cueva Susana) from which specimens of

Spelaeoecia cubensis Kornicker & Yager,

1996, have been reported previously (Kor-

nicker & Yager 1996:3).

Disposition of specimens.—All speci-

mens have been deposited in the National

Museum of Natural History, Smithsonian

Institution, and have been assigned USNM
catalog numbers.

Halocyprida Dana, 1853

Halocypridina Dana, 1853

Composition.—The suborder comprises

the superfamilies Halocypridoidea Dana,

1853, and Thaumatocypridoidea Miiller,

1906. Only the former superfamily is rep-

resented in the collections reported upon

herein.

Halocypridoidea Dana, 1853

Composition.—The superfamily includes

the single family Halocyprididae Dana,

1853.
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^ Danielopolma orghidani

D Danielopolina sp.

'k Spelaeoecia cubensis

A Spelaeoecia saturno

Santiago p-.

Fig. 1 . Map of Cuba showing approximate locations of anchialine species of Halocypridina.

Family Halocyprididae Dana, 1853

Composition.—The family comprises

five subfamilies of which only the Deev-

eyinae Kornicker & Iliffe, 1985, is repre-

sented in the present collections.

Subfamily Deeveyinae Kornicker & Iliffe,

1985

Composition.—The subfamily comprises

the genera Deeveya Kornicker & Iliffe,

1985, and Spelaeoecia Angel & Iliffe,

1987, of which only the latter is represented

in the present collections.

Spelaeoecia Angel & Iliffe, 1987

Composition and distribution.—The ge-

nus includes 10 species from anchialine

caves in five areas.

Bahamas: S. capax, S. sagax, S. styx Kor-

nicker, 1990 (in Kornicker et al. 1990), S.

barri Kornicker & Barr, 1997, and S. par-

keri Kornicker & Iliffe, 2002 (in Kornicker

et al. 2002).

Bermuda: S. bermudenis Angel & Iliffe,

1987.

Cuba: S. cubensis Kornicker & Yager,

1996, and the new species described herein.

Jamaica: S. jamaicensis Kornicker & Il-

iffe, 1992.

Table 1.—Distribution of anchialine ostracodes in suborder Halocypridina (Halocyprididae, Thaumatocypri-

didae) in caves of Cuba. (— = none present.)

Locality
Halocyprididae
Spelaeoecia

Thaumatocyprididae
Danielopolina

Holguin Province

Cueva El Saturno

Matanzas Province

Cueva El Brinco

Cueva 1900

Casimba Susana

Cueva de los Carboneros

Grieta Punta de Guana Matanzas

Santiago de Cuba Province

Cueva del Aqua

S. saturno

S. cubensis

S. cubensis

S. cubensis

S. cubensis

D. orgliidani

D. species
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Table 2.—Water chemistry at various depths for

Cueva El Satumo.

Depth
(m)

Salinity

(ppt)

Dissolved oxygen
(mg/L)

Temperature
(°C)

3 3 5.5 25.1

6 3 5.6 25.0

9 3 5.7 24.8

12 5 5.4 24.8

15 26 1.7 24.8

19 32 0.6 24.9

Mexico: S. mayan Kornicker & Iliffe,

1998.

Spelaeoecia saturno, new species

Figs. 2-11

Etymology.—The species is named for

the cave in which it was collected as a noun

in apposition.

Holotype.—USNM 194617, dissected

adult female on slide and in alcohol.

Type locality.—Cueva El Satumo, Hol-

guin Province (northeast coast), Cuba.

Paratype.—Cueva El Saturno: USNM
194618, dissected A-1 male on slide and in

alcohol.

Distribution.—Cueva El Saturno, Hol-

guin Province, Cuba.

Description offemale (Figs. 2—9).—Car-

apace uncalcified, flexible, elongate; dorsal

margin straight, ventral margin broadly

rounded; anterior incisur dorsal to mid-

height (Fig. 2a). Anterior outer part of ros-

trum broadly overreaching edge of valve;

rostrum of left valve short (Figs. 2f, g, 3b,

c), whereas that of right valve elongate

(Figs. 2e, 3b, d). Ridge present on right

valve proximal to rostrum (Fig. 2a, e). Pos-

terodorsal corner of each valve with obtuse

angle (Fig. 2a, c, d); right valve with glan-

dular opening indicated by minutely digi-

tate edge and 1 or 2 minute bristles (Figs.

2c, 3e); left valve with minute glandular

pore (Fig. 3e, f). Posterior (Fig. 3e, f) and

anterior edges of valves with glandular

pores.

Ornamentation: Ventral, anterior (Fig.

3c), and posterior margins (Figs. 2c, d, 3e,

f) with widely separated single bristles.

Infold: Broad infold along anterior (Fig.

3c, d), ventral, and posterior margins (Fig.

3e, f); posterior list intersects valve edge

dorsal to midheight (Fig. 3f)-

Hingement: Indistinct linear ridge near

posterodorsal corner of right valve and in-

distinct socket near posterodorsal corner of

left valve (Fig. 3e).

Carapace size (length, height in mm):
USNM 194617, 0.99, 0.68.

First antenna (Figs. 4a-c, 9c, e): 1st joint

with minute distal spines (not shown). 2nd

joint with minute distal medial spines; 3rd

joint bare, fused to 4th joint (boundary in-

dicated by ventral and dorsal indentations

and discontinuities in sclerotization at ven-

tral and dorsal margins). 4th joint shorter

than 3rd, with dorsal bristle (although ter-

minal ventral corners of both limbs of

USNM 194617 are without a bristle, indis-

tinct structures (not shown) at the distal

ventral corner of the joint suggest that a

bristle previously may have been present,

and, therefore, it is tentatively interpreted

here that the 4th joint usually bares a ven-

tral bristle (the presence of a ventral bristle

on the 4th joint of the 1st antenna of A-1

male, USNM 194618, is considered to sup-

port this interpretation (Fig. 10b, c)). 5th

and 6th joints fused on lateral side; 5th joint

with short dorsal spines and long ventral

filament. 6th joint with short distal spines.

7th joint with ringed a-bristle (broken on

both limbs of USNM 194617), and long

ventral b- and c-bristles. 8th joint with d-,

e-, f-, and g-bristles (e-bristle lateral and

with widely separated short marginal spines

at midlength).

Second antenna (Figs. 4d-h, 9c, e): Pro-

topodite bare. Endopodite 3-jointed (Fig.

4e, h): 1st joint with slender spinous ringed

a- an b-bristles; 2nd and 3rd joints fused;

2nd joint with small c-bristle and long stout

f- and g-bristles; 3rd joint with long stout

filamentous h-, i-, and j-bristles. Exopodite

with 9 joints (Fig. 4f): 1st joint divided into

long proximal and short distal parts, and
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Fig. 2. Spelaeoecia saturno, new species, holotype, USNM 194617, adult female: a, complete specimen

from right side, length 0.99 mm; b, detail of central adductor muscle attachments and mandibular scar, from a;

c, detail of posterdorsal corner of right valve, from a; d, outline of posterodorsal corner of left valve, iv; e,

anterior of right valve, ov; f, anterior of carapace from left side showing both valves (edge stippled); g, anterior

of carapace (body removed) from left side showing both valves. Abbreviations in figs. 2-11 and legends are:

am, central adductor muscle attachments; ant, antenna; bas, basale; Bo, Bellonci organ; ex, coxale; dv, dorsal

view; end, endopodite; epip, epipodite; esop, esophagus; ex, exopodite; fu, furca; gen, genitalia; gl, gland; im,

inner margin of infold; iv, inside view; le, lateral eye; 1ft, left; II, lower lip; Iv, lateral view; mnd, mandible; mo,

mouth; mv, medial view; mx, maxilla; nabs, not all bristles shown; ov, outside view; precx, precoxale; prot,

protopodite; rt, right; ul, upper lip. Arabic numbers indicate limbs 1-7, as well as individual joints of each limb

(the location of the numeral indicating whether a limb or joint is indicated); the number 5 is also used to

designate the sensory bristle of the 5th joint of the 1st antenna. Roman numerals indicate the endites. Arrows

indicate the anterior.
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Fig. 3. Spelaeoecia saturno, new species, holotype, USNM 194617, adult female: a, ventral view of partly

open specimen showing parts of mandibles and maxillae in place; b, ventral view of partly open carapace

showing rostrums of both valves; c, anterior of left valve, iv; d, anterior of right valve, iv; e, posterodorsal

comers of both valves (not completely flat on slide), iv; f, posterior of left valve (not completely flat on slide)

and posterodorsal corner of right valve, iv.
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Fig. 4. Spelaeoecia saturno, new species, holotype, USNM 194617, adult female: a, left 1st antenna, mv;

b, right 1st antenna, mv; c, anterior of body showing 1st joint of left 1st antenna and striated muscles, mv; d,

part of right side of body drawn in place (carapace removed), Iv; e, endopodite and part of protopodite of right

2nd antenna, Iv; f, left 2nd antenna (nabs), Iv; g, tip of exopodite of left 2nd antenna, Iv; h, distal part of

endopodite of left 2nd antenna, Iv,
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with long terminal bristle with natatory

hairs; bristles of joints 2-8 with natatory

hairs (bristles and hairs not shown); 9th

joint with 3 bristles (2 bristles longer than

other and with short marginal spines) (Fig.

4g, spines not shown).

Mandible (Figs. 2a, b, 3a, 5, 9c-e): Cox-

ale endite with proximal and distal sets of

teeth separated by gap (Fig. 5d): proximal

set comprising 4 broad cusps plus stout pos-

terior tooth; surface between cusps and just

proximal to cusps with slender spines; 1 in-

distinct bristle on corner just anterior to an-

terior cusp and another posterior to poste-

rior cusp; 2 spinous bristles adjacent to

stout posterior tooth; distal set of teeth com-

prising 2 flat teeth, each with 6 or 7 cusps

(Fig. 5g); 1 stout tooth-like process (with

marginal spines) proximal to flat teeth; 1

small bristle adjacent to process (Fig. 5d).

Basale (Fig. 5b, e): distal edge with 5 tri-

angular cusps, 1 triangular posterior cusp,

and 1 small anterior cusp; lateral surface at

distal edge with stout triangular tooth near

anterior corner (arrow in Fig. 5b); lateral

surface with long proximal hairs, 2 minute

bristles near midlength and 4 longer bristles

(none entwined) distal to them; anterior

margin with long bristle distal to midlength

(Fig. 5b, e); posterior margin hirsute, and

with 2 short distal bristles (proximal with

pointed tip, distal tubular); proximal end of

basale with 3 transparent hirsute bristles (1

or 2 of these missing and represented by

dashed sockets in illustrations); lateral sur-

face near insertion of endopodite with long

bare bristle (Fig. 5b; broken in Fig. 5e); 1

small bristle on medial surface adjacent to

long bristle (not shown). Endopodite: 1st

joint with 3 bare distal bristles (1 long dor-

sal, 1 short and 1 longer near ventral mar-

gin) (Fig. 5e); 2nd joint widening distally,

with 3 terminal dorsal bristles (1 claw-like),

and 1 long terminal bare ventral bristle; 3rd

joint with 2 long stout spinous bristles (Fig.

5f), 5 short ringed bristles forming medial

row along terminal edge, and 1 longer

ringed spinose bristle (spines not shown) on

terminal lateral edge; anterior margin an

medial surface of joint hirsute. Muscles ex-

tend from dorsal tip of coxale to scar an-

terior to central adductor muscle attach-

ments (Figs. 2a, b, 5a).

Maxilla (Figs. 3a, 6, 9d, e): Endite I with

2 proximal and 9 terminal bristles (4 tubu-

lar) (Fig. 6b); endite II with 2 proximal and

8 terminal bristles (4 tubular); endite III

with 1 proximal and 6 terminal bristles (2

tubular). Coxale with stout plumose dorsal

bristle (Fig. 6c). Basale with 1 proximal

stout spinous ventral bristle and 2 distal

ventral bristles (Fig. 6a). Endopodite (Fig.

6a, c, d): 1st joint with 10 bristles; 2nd joint

with anterior hairs, 2 stout claw-like bris-

tles, and 5 slender ringed bristles (Fig. 6d).

Fifth limb (Figs. 7, 9e, f): Epipodite with

plumose bristles forming 3 groups (ventral

group with 5 bristles; middle group with 6

bristles; dorsal group with 5 bristles (4

long, 1 short) (Fig. 7b). Proximal protopod-

ite with 4 ventral endites: endites I and II

fused, endite I with long medial bristle and

3 shorter bristles closer to ventral margin;

endite II with 1 long proximal bristle and 3

shorter bristles closer to ventral margin

(longest of later with long marginal spines);

endite III with 6 bristles (1 claw-like); en-

dite IV with 9 bristles (2 claw-like). Basale

with ventral margin divided into broad

proximal ventral part with 3 slender ventral

bristles and 2 bristles (1 medial bare and 1

lateral with long spines) near midwidth, and

distal part with 3 distal bristles near ventral

margin and 1 long lateral plumose bristle

closer to dorsal margin. Exopodite repre-

sented by 3 bristles (longest bare, others

spinous) on distal dorsal margin of basale

(Fig. 7a, c). Endopodite with 2 joints: 1st

joint with 3 ventral and 1 dorsal bristle near

midlength; 2nd joint with 2 stout claw-like

bristles and 1 slender ringed bare ventral

bristle.

Sixth limb (Figs. 8a-c, 9e, f): Epipodite

with plumose bristles forming 3 groups

(ventral group with 5 bristles (Fig. 8a);

middle group fragmented (number of bris-

tles unknown); dorsal group with 7 bristles

(dorsal bristle short)). Precoxale and coxale
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a

Fig. 5. Spelaeoecia saturno, new species, iiolotype. USNM 194617, adult female, mandible: a, proximal tip

of coxale of right limb showing muscle (dashed) attaching coxale to carapace; b, basale and part of endopodite

of right limb (muscles and bristles striated), Iv; c, distal part of basale endite of right limb. Iv; d, distal part of

coxale of right limb, mv; e, basale and part of endopodite of left limb, Iv; f, tip of endopodite of left limb, Iv;

g, proximal (at left) and distal (at right) sets of teeth of coxale endite of left limb. mv.
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Fig. 6. Spelaeoecia saturno, new species, holotype, USNM 194617, adult female, maxilla: a, left limb (nabs

on endites), mv; b, endites of right limb, Iv; c, right limb (nabs on endites; bristles and muscles striated), mv;

d, end joint of endopodite of right limb, mv.

obscured, but each with few ventral bristles

(Fig. 8b). Basale with weak suture partly

separating distal ventral corner (ventral end

of suture near midlength of basale) (Fig. 8b,

c); proximal part with 2 spinous ventral

bristles, and 1 distal spinous lateral bristle

near dorsal margin; distal ventral corner

with 2 spinous bristles. Exopodite well de-

veloped with 5 long bristles (3 plumose, 2

bare). Endopodite 3 jointed: 1st joint with

3 ventral bristles; 2nd joint with 3 bristles

(2 ventral, 1 dorsal); 3rd joint with 3 long

bare terminal bristles (middle bristle stouter

than others and somewhat claw-like). Distal

end of 6th limb extends well past distal end

of 3rd joint of 5th limb (Fig. 9e, f).

Seventh hmb (Figs. 8d, 9g): Elongate with

3 terminal bristles (1 longer than others).
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Fig. 7. Spelaeoecia saturno, new species, holotype, USNM 194617, adult female, 5th limb: a, left limb, mv;

b, epipodite of left limb, mv; c, basale, exopodite and endopodite of right limb, mv.

Furca (Fig. 8e-g): Each lamella with 4

claws followed by 4 bristles with indistinct

closely spaced rings (rings not shown) (Fig.

8e); minute glandular opening between
claws 1 and 2 (closer to claw 2) (Fig. 8e);

unpaired bifurcate bristle posterior to furca.

(Claw 1 of left lamella missing on USNM
194617; not all claws shown on Fig. 9f.)

Bellonci organ (Figs. 8h, 9c, e): Branch-

ing distally, each branch with rounded bare

tip.

Lips: Upper lip not examined in detail,

but appearing typical for genus (Fig. 9a).

Lower lip with triangular process on each

side of mouth (Fig. 9b).

Genitalia (Fig. 8f): Minute incomplete



VOLUME 115, NUMBER 1 163

Fig. 8. Spelaeoecia saturno, new species, holotype, USNM 194617, adult female: a, epipodite or right 6th

limb (nabs), mv; b, distal part of right 6th limb, Iv; c, part of right 6th limb showing internal striated muscles

(no bristles shown), Iv; d, left 7th limb, Iv; e, posterior of body with right furcal lamella (sclerite and gland

stippled); f, posterior of body showing genitalia and left furcal lamella; g, ventral view of posterior part of body

showing furca (body slightly tilted); h, Bellonci organ.
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am

Fig. 9. Spelaeoecia saturno. new species, holotype, USNM 194617, adult female: a, part of anterior of body

squashed under cover slip showing upper lip and esophagus: b, dorsal view of anterior of body under cover slip

showing lower lips and central adductor muscles: c, anterior of body (not under cover slip) showing location of

parts of appendages, dv; d, ventral view of part of body (not under cover slip) showing location of parts of

appendages; e, part of body from right side showing location of parts of limbs and organs (mass in gut stippled)

(not under cover slip); f, location on body of distal ends of right 5th and 6th limbs drawn from right side of

body (nabs, not under cover slip); g, fragment of body showing one 7th limb and 2 clusters of spheres interpreted

to be eggs (not under cover slip).
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ring proximal and anterior to furca may be

part of genitalia. (Absence of small bristles

adjacent to ring suggests that USNM
194617 may not be adult.)

Posterior of body (Figs. 8e, 9e): Round-

ed, unsegmented.

Ganglion (Figs. 2a, 4d): Brown rounded

"organ" within body posterior to protopod-

ite of 2nd antenna.

Number of eggs (Fig. 9g): About 9 to 1

1

unextruded spheres of various diameters in-

terpreted to be eggs present on each side of

posterior part of body of USNM 194617.

Gut content (Fig. 9e): Unidentified oval

mass at posterior end of gut of USNM
194617 (mass stippled in Fig. 9e).

Description ofA-1 male (Figs. 10, 11).

—

Carapace (Fig. 10a) similar in shape and

structures to that of adult female.

Carapace size (length, height in mm):
USNM 1194618, 0.83, 0.56.

First antenna (Fig. 10b, c): 1st joint with

minute distal spines (Fig. 10b). 2nd joint

with minute distal medial spines (Fig. 10b);

3rd joint bare, fused to 4th joint (boundary

indicated by ventral and dorsal indentations

and discontinuities in sclerotization at ven-

tral and dorsal margins). 4th joint shorter

than 3rd joint and with a slender ventral and

dorsal bristle, (ventral bristle broader than

usual and somewhat diaphanous; diapha-

nous nature of bristle suggests that it could

easily break off during dissection). 5th and

6th joints fused on lateral side; 5th joint

with indistinct short dorsal spines and long

ventral filament. 6th joint with short distal

spines. 7th joint with ringed a-bristle and

long ventral b- and c-bristles. 8th joint with

d-, e-, f-, and g-bristles (e-bristle lateral and

with widely separated short marginal spines

at midlength).

Second antenna: Protopodite bare. En-

dopodite 3-jointed (partly obscured and

twisted on mounted limbs of USNM
194618) (Fig. lOd): 1st joint with a- and b-

bristles; 2nd joint with short c- and d-bris-

tles (d-bristle observed only on right limb),

and long stout f- and g-bristles; 3rd joint

with long stout filamentous h-, i-, and j-

bristles. Exopodite with 9 joints: 1st joint

divided into long proximal and short distal

parts, with long terminal bristle with nata-

tory hairs; bristles of joints 2-8 with nata-

tory hairs; 9th joint with 3 bristles (1 bristle

longer than others).

Mandible: Coxale endite with proximal

and distal sets of teeth separated by gap:

proximal set comprising 4 broad cusps plus

stout posterior tooth; surface between cusps

and just proximal to cusps with slender

spines; 1 indistinct bristle on corner just an-

terior to anterior cusp and another posterior

to posterior cusp; 2 spinous bristles adja-

cent to stout posterior tooth; distal set of

teeth comprising 2 flat teeth, each with 6 or

7 cusps; 1 stout tooth-like process (with

marginal spines) proximal to flat tooth; 1

small bristle adjacent to process. Basale:

distal edge with 5 triangular cusps, 1 tri-

angular posterior cusp, and 1 small anterior

cusp; lateral surface at distal edge with

stout triangular tooth near anterior comer;

lateral surface with long proximal hairs, 2

minute bristles near midlength and 4 longer

bristles, none entwined; anterior margin

with long bristle distal to midlength; pos-

terior margin hirsute, and with 2 short distal

bristles (proximal with pointed tip, distal tu-

bular); proximal end of basale with 3 trans-

parent hirsute bristles (1 or 2 of these miss-

ing); lateral surface near insertion of en-

dopodite with long bare bristle; 1 small

bristle on medial surface adjacent to long

bristle. Endopodite: 1st joint with 3 bare

distal bristles (1 long dorsal, 1 short and 1

longer near ventral margin); 2nd joint wid-

ening distally, with 3 terminal dorsal bris-

tles (1 claw-like), and 1 long terminal bare

ventral bristle; 3rd joint with 2 long stout

spinous bristles, 5 short ringed bristles

forming medial row along terminal edge,

and 1 longer ringed spinous bristle on ter-

minal lateral edge; anterior margin an me-

dial surface of joint hirsute. Muscles extend

from dorsal tip of coxale to central adductor

muscle scar area.

Maxilla (Fig. lOe-h): Endite I with 2

proximal and 10 terminal bristles (2 tubu-
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Fig. 10. Spelaeoecia satunw, new species, paratype, USNM 194618, A-1 male: a. complete specimen from

right side, length 0.83 mm; b, right 1st antenna. Iv; c, anterodorsal part of body from left side showing Bellonci

organ and left 1st antenna; d, endopodite right 2nd antenna (only proximal ends of bristles shown), Iv; e, endites

of left maxilla, Iv; f, left maxilla (endite bristles not shown), Iv; g, left maxilla in place on body (nabs, not

under cover slip), Iv; h, left maxilla showing striated muscles (nabs, not under cover slip), Iv.
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Fig. 11. Spelaeoecia satumo, new species, paratype, USNM 194618, A-1 male: a, proximal part of left 5th

limb, Iv; b, distal part of left 5th limb (nabs), Iv; c, proximal part of right 5th limb, mv; d, part 6th limb; e,

distal part right 6th limb, mv; f, 7th limb; g, posterior of body from left side showing left lamella of furca (not

under cover slip); h, Bellonci organ; /, copulatory organ under cover slip, anterior to left.
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lar) (Fig. lOe); endite II with 2 proximal

and about 8 terminal bristles (3 or 4 tubu-

lar); endite III with 1 proximal and about 7

terminal bristles (2 tubular). Coxale with

stout plumose dorsal bristle (Fig. lOf). Ba-

sale with 1 proximal stout spinous ventral

bristle and 2 distal ventral bristles (Fig.

lOf). Endopodite (Fig. lOf): 1st joint with

9 or 10 bristles; 2nd joint with anterior

hairs, 2 stout claw-like bristles, and 5 slen-

der ringed bristles.

Fifth limb (Fig. lla-c): Epipodite with

plumose bristles forming 3 groups (ventral

group with 5 bristles; middle group with 6

bristles; dorsal group with 5 bristles (4 long,

1 short)) (Fig. 11a). Proximal protopodite

with 4 ventral endites and no gland: endites

I and II fused; combined endites I and II

with medial bristle near midheight and 4 or

5 bristles closer to ventral margin (medial

bristles obscured on left limb of USNM
194618 (Fig. 11a)); endite III with medial

bristle near midheight and 5 or 6 bristles

closer to ventral margin (1 claw-like, 3 tu-

bular with blunt tips); endite IV with 9 bris-

tles (2 claw-like, 3 tubular with blunt tips).

Basale with ventral margin divided into

broad proximal part with 5 bristles, and dis-

tal part with 3 or 4 bristles (Fig. lib, c).

Exopodite represented by 3 bristles (longest

bare, others spinous) on distal dorsal margin

(Fig. lib, c). Endopodite with 2 joints (Fig.

lib): 1st joint with 4 bristles (1 dorsal, 3

near ventral margin); 2nd joint with 3 bris-

tles (middle and dorsal bristles claw-like).

(Tubular bristles ringed on Fig. 11a, c).

Sixth limb (Fig. lid, e): Both limbs of

USNM 195618 fragmented. Epipodite with

plumose bristles forming 3 groups (fragment

with 5 bristles each in ventral and dorsal

groups and 4 in middle group, but bristles

could be missing). Exopodite well devel-

oped and with 5 bristles (Fig. lid). Endop-

odite 3 jointed: 1st joint fragmented; 2nd

joint with 3 bristles (1 ventral, 2 dorsal); 3rd

joint with 3 long terminal bristles (Fig. 1 le).

Distal end of 6th limb extends well past dis-

tal end of end joint of 5th limb.

Seventh limb (Fig. llf): Elongate with 3

terminal bristles (1 stouter than others).

Furca (Fig. llg): Each lamella with 4

claws followed by 3 ringed bristles; 4th claw

with indistinct rings. Claw 1 with indistinct

proximal suture. Claws 1-4 with indistinct

teeth along posterior edge; bristles 5-7 with

few indistinct spines; minute glandular

opening between claws 1 and 2 (closer to

claw 2) placed laterally on lamella close to

edge. Unpaired bifurcate bristle posterior to

furca.

Bellonci Organ (Fig. llh): Branching

distally, each branch with rounded bare tip.

Lips: Not examined.

Genitalia (Fig. Hi): Copulatory organ

with 2 branches: anterior branch with

rounded tip and 3 minute indistinct pro-

cesses; posterior branch with 3 spined pro-

cesses (spines longer on posterior process).

Posterior of Body (Fig. llg): Rounded,

unsegmented.

Gut Content: Dark brown unidentified

particulate matter in gut of USNM 194518.

Comparisons.—The first antenna of S.

saturno differs from that of previously de-

scribed species in the genus in lacking a

dorsal bristle on the 2nd joint. The carapace

of the new species, S. saturno, resembles

that of S. parkeri in having the right ros-

trum much narrower than that of the left.

The adult furcae of both species have 4

claws followed by bristles (3 bristles on S.

parkeri, 4 on S. saturno). The furcae of the

two species differ mainly in that the ante-

rior bristle of S. parkeri is much longer than

that of S. saturno (about twice length of

claw 1 in 5. parkeri, about same length in

S. saturno).

Spelaeoecia cubensis is the only species

of Spelaeoecia that has been described pre-

viously from Cuba. The carapace of the

adult female 5. cubensis (length 1.98-2.31

mm) is considerably longer than that of S.

saturno (length 0.99 mm), and the rostrum

of the right valve is not more slender than

that of the rostrum of the left valve. The

2nd joint of the 1st antenna of S. cubensis

bears a dorsal bristle, absent on S. saturno.
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The lateral surface of the basale of the man-

dible of S. cubensis bears 2 long entwined

bristles; the bristles are not entwined on S.

saturno. The furca of S. cubensis bears 5

claws, whereas that of S. saturno bears 4

claws followed by 3 bristle-like claws; also

the furca of S. cubensis bears a very large

glandular process between claws 1 and 2

compared to a minute glandular process on

S. saturno.

Key to the species of Spelaeoecia^

(adults except S. jamaicensis^)

1. Rostrum of right valve much narrower

than that of left valve 2

Rostrum of right valve same as that of

left valve '. 3

2. Bristle following claw 4 of each lamella

of furca almost twice length of claw 1

S. parkeri

Bristle following claw 4 of each lamella

about same length as claw 1

S. saturno, n. sp.

3. Each lamella of furca with 5 claws

5'. cubensis

Each lamella of furca with more than 5

claws 4

4. Carapace longer than 2.25 mm . . . S. capax

Carapace shorter than 1.95 mm 5

5. Posterodorsal gland of right valve on

protuberance, carapace shorter than 1.15

mm S. Styx

Posteroventral gland of right valve not

on protuberance, carapace longer than

1.25 mm 6

6. First antenna without ventral bristle on

3rd joint 7

First antenna with ventral bristle on 3rd

joint 9

7. First antenna with ventral bristle on 4th

joint S. jamaicensis

First antenna without ventral bristle on

4th joint 8

8. Carapace with evenly rounded posterior

edge S. sagax

Carapace with projecting posterior edge

S. barri

9. Furca with 7 claws 5. bermudensis

Furca with 6 claws S. mayan

^ Revision of key presented in Komicker & Iliffe

(1998:10).

" A-1 or A-2 instars (Kornicker & IHffe 1992:5,

11), but key should hold for the instars.

Spelaeoecia cubensis Kornicker & Yager,

1996

Spelaeoecia cubensis Komicker & Yager,

1996:3-14, figs. 2-9.

Holotype.—USnM 194208, undissected

adult male in alcohol.

Type locality.—Cueva de los Carbone-

ros, Playa Giron, Matanzas Province, Cuba.

Material.—Cueva El Brinco: USNM
194619, partly dissected adult male in al-

cohol (left 2nd antenna and copulatory or-

gan missing); USNM 194620, undissected

adult female in alcohol. Cueva 1900:

USNM 194621, undissected A-1 male in al-

cohol.

Distribution.—Cuba, southern Matanzas

Province, in or near Playa Giron: Cueva de

los Carboneros, collected 14 Sep 1992,

about 21 m depth; Casimba Susana, col-

lected 11 Sep 1992; 24.4 m depth, 35 ppt

salinity; Cueva El Brinco, collected 26 Jun

1994; Cueva 1900, collected 15 Sep 1992.

Supplementary description of adult

male.—Carapace size (length, height in

mm): USNM 194619 (flattened open cara-

pace with body removed, viewed from in-

side, dimensions of flattened valves proba-

bly greater than if measurements had been

made of whole specimen): right valve 2.07,

1.09; left valve 2.15, 1.03.

Supplementary description of adult fe-

male.—Carapace size (length, height in

mm): USNM 194260, 2.27, 0.99.

Supplementary description of A-1 fe-

male.—Carapace size (length, height in

mm): USNM 194621, 1.73, 0.80.
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Abstract.—Juturnia, a new genus composed of three species from the Rio

Grande region of southwestern North America, is described. Two of these spe-

cies were previously placed in the genus Durangonella while the third, J.

tularosae, is described herein. Juturnia is shown to be a monophyletic sub-

unit of the gastropod subfamily Cochliopinae based on phylogenetic analysis

of mitochondrial DNA sequences and an uniquely shared morphological char-

acter (within the subfamily), the presence of a single non-glandular lobe on

the inner edge of the penis. Our phylogenetic hypothesis indicates that Juturnia

is most closely related to North American brackish-coastal taxa, and we con-

jecture that progenitors of this genus penetrated inland along the Tertiary drain-

ages which headed along eastern flanks of Laramide uplifts and flowed to the

Gulf of Mexico. Subsequent vicariance of congeners in southeastern New Mex-
ico is attributed to development of the Pecos depression, and inception of the

drainage divide between the Rio Grande Rift and southern Great Plains.

While various hypotheses have been pro- liopinids whose distribution, habitat, and

posed to explain the distributions of aquatic systematic relationships provide an addi-

biota in the Rio Grande region of south- tional perspective on the biogeographic his-

western North America, these have been tory of this region,

hampered by a paucity of pertinent phylog-

enies (Smith & Miller 1986). Cochliopinid Materials and Methods
(= littoridinid) gastropods form a diverse

component of this biota and also are of in- This report primarily is based on material

terest because of their high level of local reposited in the National Museum of Nat-

endemism (Taylor 1966, 1987). Recent ural History, Smithsonian Institution

phylogenetic reconstructions based on anal- (USNM). Relevant type material from the

ysis of mitochondrial DNA sequences sug- Natural History Museum, London (BMNH)
gest that this fauna includes several lineages also was studied. Specimens of the new
derived from marine or brackish water species were relaxed in the field with men-
coastal progenitors (Liu et al. 2001), and thol crystals, and then fixed in dilute for-

that inland snail distributions reflect vicar- malin (10% of stock solution) and pre-

iant events which preceded establishment of served in 70% ethanol. Prior to dissection,

modern regional topography (Hershler et al. shells were removed from animals by soak-

1999, 2002). Herein, we describe a newly ing in dilute hydrochloric acid. Animals

recognized monophyletic group of coch- were dissected using a WILD M8 research
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microscope and drawings were made with

the aid of a camera lucida attachment. Live

specimens were studied for description of

head-foot and penis. Methods of prepara-

tion of material for scanning electron mi-

croscopy are of Hershler (1998). Counts of

radular cusps and tooth rows were deter-

mined from scanning electron images. Ter-

minology of anatomical features follows

Hershler (2001) and character state delin-

eations are from Hershler & Ponder (1998).

Institutional abbreviations follow Leviton et

al. (1985).

Partial sequences of the mitochondrial

cytochrome c oxidase subunit I (mtCOI)

gene were obtained from two specimens of

the new species using methods of Liu et al.

(2001) (Genbank accession number
AF474371). Sequences were utilized for

phylogenetic analysis along with previously

analyzed mtCOI sequences of members of

cochliopine sub-clades IH, IV and V (Liu

et al. 2001; also see Hershler et al. 1999),

which represent the portion of the subfam-

ily topology that contained previously de-

scribed species which we allocate herein to

Juturnia. In this earlier analysis, sub-clade

V was sister to the lineage containing spe-

cies of Juturnia and thus we used its most

basal member (Mexipyrgus carranzae) for

rooting in the current study. Analyses were

conducted using the maximum parsimony,

maximum likelihood, and minimal evolu-

tion options of PAUP*4.0 (Swofford 2000)

following Liu et al. (2001). Bootstrapping

(Felsenstein 1985) with 1000 replications

was performed to assess branch support on

the resulting trees. Timing of branching

events was estimated using the fossil-based

calibration for mtDNA third position tran-

sitions (3-4% per My) and transversions

(0.42% per My) for the marine gastropod

genus Nucella (Collins et al. 1996) and may
be accurate only to the extent that evolu-

tionary rates are comparable among mito-

chondrial genes and among muricid and

cochliopinid gastropods.

Systematics

Family Hydrobiidae Troschel, 1857

Subfamily Cochliopinae Tryon, 1866

Juturnia, new genus

Type species.—Durangonella coahuilae

Taylor, 1966, by original designation. Other

species included are Tryonia kosteri Taylor,

1987, and Juturnia tularosae, new species

(described below).

Diagnosis.—Shell ovate-conic to turri-

form, small to medium-sized (2.0-5.1 mm
shell length), grey-white or clear, transpar-

ent. Periostracum thin, light tan to brown.

Protoconch of 0.7-1.0 whorl, planispiral or

depressed trochiform, surface corrugated

but without microsculpture. Teleoconch of

4.0-8.5 slightly to strongly convex whorls.

Teleoconch sculpture of closely spaced or-

thocline or weakly prosocline growth lines,

fine spiral striae sometimes present and

crossed by growth lines. Aperture ovate, in-

ner lip thin to slightly thickened, broadly

adnate to completely separated from parie-

tal wall, outer lip thin or slightly thickened.

Umbilicus rimate to broadly open. Oper-

culum thin, multispiral, with eccentric nu-

cleus.

Central radular teeth with weak to mod-
erately indented dorsal edge; 3—6 lateral

cusps on each side; 1 pair of basal cusps,

basal process V-shaped. Lateral radular

teeth with straight to slightly indented dor-

sal edge; lateral shaft much longer than dor-

sal edge; 3—5 cusps on inner side; 4—7

cusps on outer side. Inner marginal teeth

with 23-33 cusps, outer marginal teeth with

21-34 cusps.

Animal moderately pigmented, eyes pig-

mented. Cephalic tentacles with dorsal and

ventral longitudinal cilial tracts and trans-

verse tracts along outer edge of basal por-

tion of left tentacle. Ctenidium well devel-

oped and wide, extending most of to entire

length of pallial cavity. Osphradium located

near middle of ctenidium, nanow to ovate.

Renal organ with short pallial section; renal

organ longitudinal, renal opening slightly

muscularized. Pericardium with short pal-
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lial section; short efferent vessel between

anterior end and posterior end of ctenidium

or ctenidium overlapping anterior end of

pericardium. Posterior stomach slightly

smaller than anterior chamber; single diges-

tive gland opening; small posterior caecum

present or absent; style sac about as long as

remaining portion of stomach.

Testis of vertical compound lobes, oc-

cupying most of visceral coil behind stom-

ach and partly overlapping posterior stom-

ach chamber. Seminal vesicle beneath an-

terior portion of testis, coiled on digestive

gland behind stomach. Prostate gland ex-

tends into pallial roof for 33-67% length,

narrow-pyriform. Visceral vas deferens

opens to ventral edge of prostate gland from

near posterior edge to 33% anterior from

edge. Pallial vas deferens opens to ventral

edge of prostate gland slightly behind an-

terior edge, initial portion weakly recurved,

remainder straight or weakly undulating.

Penis elongate-rectangular with little taper;

distal end blunt to evenly rounded, with

sub-terminal papilla, generously ciliated;

inner edge with small narrow-triangular

lobe positioned at about 67% of length

from base. Penial duct straight distally, near

straight to moderately undulating in basal

portion.

Ovary simple, occupying very small part

of visceral coil (< % whorl). Proximal

coiled oviduct narrow, thin-walled; distal

portion broader, with posterior-oblique bend

or weak coil, usually containing sperm.

Coiled oviduct and seminal receptacle duct

joined by very short duct at point where

former opens to posterior edge of albumen

gland. Bursa copulatrix small, horizontally

ovate or cylindrical, positioned well ante-

rior to posterior edge of brood pouch; duct

opening from anterior edge of pouch, nar-

row to medium width. Seminal receptacle

small to medium-sized, sub-globular, abut-

ting left side of bursa copulatrix; duct open-

ing from anterior edge of pouch, very short.

Sperm duct narrow, posterior section with

weak bend or kink, anterior portion straight,

opening to ventral edge of spermathecal

duct a little in front of posterior wall of pal-

lial cavity. Albumen gland very small, abut-

ting right side of bursa copulatrix. Female

ovoviviparous, with small to medium num-
ber of embryos brooded in large, thin-

walled capsule gland. Brood pouch poste-

riorly folded, folded section narrow, ven-

tral; anterior opening terminal, musculari-

zed, slightly recurved. Spermathecal duct

narrow to medium width, opening a little

behind brood pouch opening.

Remarks.—The two previously described

species that we allocate to Juturnia most

recently were placed in the genus Duran-

gonella (Hershler 2001). Durangonella

Morrison, 1945 was erected for four species

from central Mexico which have smooth,

elongate-conic shells. Morrison (1945) re-

described the type species, Hydrobia see-

mani Fraunfeld, 1863, and described the

other three congeners from empty shells.

Morrison presented but few details of soft

parts, based on study of dried material of

the type species, and the only anatomical

criterion by which he distinguished Dur-

angonella from closely similar Tryonia was

its "different pattern" of penial ornament

(Morrison 1945:18-19). A fifth species of

Durangonella (D. coahuilae) subsequently

was described from Chihuahuan Desert

shells (Taylor 1966) and a sixth congener

(D. kosteri), from the Pecos River basin, re-

cently was transferred to the genus (Her-

shler 2001). The two northern congeners

(D. coahuilae, D. kosteri) have been shown
to be members of the hydrobiid subfamily

Cochliopinae, within which they form a

distinct group united by an unique suite of

anatomical character-states (Hershler 2001).

They also have been shown to form a well

supported cochliopine sub-clade based on

mtDNA sequences (Liu et al. 2001). How-
ever, trenchant characterization of Duran-

gonella has been prevented by a paucity of

information for southern congeners, none of

which has been further studied since Mor-

rison's (1945) work.

The type species of Durangonella, Hy-

drobia seemani Frauenfeld, 1863, was de-
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Fig. 1. Shells of Durangonella seemani. A. Durango City, Durango (USNM 251826). B. Syntype, Durango,

N.W. Mexico (BMNH 20001099). Shell "A" is 3.02 mm tall; shell "B" is printed to the same scale.

scribed from shells collected in "Durango,

N.W. Mexico" by Berthold Seemann dur-

ing his tenure as naturalist aboard the

H.M.S. Herald. Presumably Seeman made
this collection in 1849 or 1850 when he left

the vessel, ventured inland from the Pacific

Coast, and visited the city of Durango and

nearby areas. However, neither his expedi-

tion narrative (Seeman 1853) nor his re-

sulting botanical monograph (Seeman
1852-7) mention this collection. Frauenfeld

(1863:1025; English translation in Morrison

1945:19) briefly described the shell of this

species, emphasizing its slender and conical

shape, deep suture, small aperture, and sim-

ple lip; and subsequently illustrated a spec-

imen (Frauenfeld 1865, fig. 8). Morrison

(1945) redescribed this species from speci-

mens that botanist Edward Palmer collected

(probably in 1 896 fide USNM accession pa-

pers; and field itinerary [McVaugh 1956])

from a spring that then provided the do-

mestic water supply to Durango City. Shells

of this sample (USNM 251826, Fig. la)

closely resemble syntypes of H. seemani

(Fig. lb) and are presumed by us to be con-

specific, although they are not assuredly

topotypes as Morrison (1945:19) claimed.

Recently we examined rehydrated speci-

mens from USNM 251826 and determined

that Morrison's (1945, fig. 5) description

was in error as the male penes do not have

simple lobes but instead are ornamented

with glandular papillae (Fig. 2). We also

observed in dissection that the female sper-

mathecal duct (= sperm tube) of these

snails opens a little in front of the posterior

wall of the pallial cavity which, together

with penial morphology, indicates that this

snail belongs to the genus Tryonia (fide

Hershler 2001). This is consistent with on-

going field surveys in the Durango region

which have yielded snails with Tryonia-\\\ie

anatomy (Hershler unpublished).

Based on these new observations (made

subsequent to the recent synopsis of Dur-

angonella; Hershler 2001), we conclude

that Durangonella Monison, 1945 (type
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Fig. 2. Penis of Durangonella seemani, USNM
251826; scale equals 0.5 mm. Abbreviations—Pa, ter-

minal papilla; PI, penial lobe.

species, Hydrobia seemani) is a junior sub-

jective synonym of Tryonia Stimpson,

1865. Accordingly, we have erected a new
genus (Juturnia) for the two species from

the northern Chihuahuan Desert and Pecos

River basin which previously were assigned

to Durangonella, but which are well-differ-

entiated from Tryonia and other cochliopine

genera. The three other species of Duran-

gonella (all from central Mexico) cannot

confidently be assigned to genus because

they are known only from shells and be-

cause the regional hydrobiid fauna remains

poorly known. These species are ''Duran-

gonella'" dugesiana Morrison, 1945 (type

locality, Andocutin, Guanajuato; fide Taylor

1966); "D." mariae Morrison, 1945 (one

meter below the present surface of the dry

bed of the lake at Tlahuac, 20 kilometers

east of Xochimilco, Distrito Federal); and

"D." pilsbryi Morrison, 1945 (Paso del

Rio, Colima).

The shells of Juturnia broadly overlap in

size, shape, and sculptural features with

those of several other epigean cochliopines

of southwestern North America (Eremopyr-

gus, Littoridinops, Pseudotryonia, Tryon-

ia). Among these taxa Juturnia shares with

Littoridinops and Pseudotryonia an elon-

gate sperm duct which opens to the sper-

mathecal duct in the posterior pallial cavity.

(Other similar-shelled regional cochliopines

have a coiled sperm duct positioned entirely

behind the posterior wall of the pallial cav-

ity; Hershler 2001.) Juturnia differs from

these two genera and all other members of

subfamily in having a single, non-glandular

lobe on the inner edge of the penis, which

may be a synapomorphy for the genus. Ju-

turnia is further distinguished from other

regional cochliopines by its sub-globular

seminal receptacle, weakly coiled renal ovi-

duct, and storage of sperm in the coiled ovi-

duct.

Our phylogenetic analyses of mtCOI se-

quences (all of which resulted in the same

tree topology) provided good (73%) sup-

port for monophyly of Juturnia (Fig. 3).

Within this topology Juturnia was placed

within a poorly supported clade that also

contained two other genera which have an

elongate sperm duct {Littoridinops, Spur-

winkia) and Pyrgophorus, which has a

coiled sperm duct.

Distribution.—Lower Rio Grande region

(Fig. 4). Juturnia kosteri is distributed

along the lower Pecos River, a major trib-

utary to the lower Rio Grande. Juturnia

coahuilae lives in the Cuatro Cienegas ba-

sin (Coahuila, Mexico), whose northeast

portion drains to the headwater region of

the Rio Salado (Minckley 1969), which also

is tributary to the lower Rio Grande. Jutur-

nia tularosae (described below) lives in a

hydrographically closed basin in the south-

ern Rio Grande rift.

Habitat.—Spring-fed water bodies, typi-

cally consisting of headsprings and their

stream outflows. Juturnia coahuilae also

lives in Laguna Grande, the terminus of a

spring-fed drainage system (Hershler 1985).

Waters inhabited by congeners range from

near freshwater to hypersaline (e.g., Laguna

Grande [= Laguna Salada], 309 g/1 total dis-

solved solids; Minckley & Cole 1968).

Snails are benthic and typically live in soft

sediments.

Etymology.—From N. Latin Juturna, the

Roman goddess of wells and springs. Gen-

der feminine.
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Eremopyrgus elegans
100

96

- Eremopyrgus eganensis

100
Zelekina sp. 2

Zetekina sp. 1

95

57

100

- Pseudotryonia brevissima

Pseudottyonia alamosae

— Aphaostracon sp. (AS)

Aphaostracon sp. (LP)

Littoridinops mnnroensis

— Littoridinops palustris

Pyrgophorus platyrachis

99

97

73

Jiiturnia kosteri

- Juturnia tularosae

Juturnia coahuilae

Spurwinkia salsa

50

85

Tryonia clalhrata

Tiyonia rowlandsi

Tryonia aequicostata

Mexipyrgus carranzae

50 changes

Fig. 3. Single shortest length tree based on maximum parsimony analysis of mtCOI sequence data. CI, 0.57:

TL, 1473. Bootstrap percentages are given when >50%. The two specimens of J. tularosae were identical in

their sequences. Samples of Aphaostracon sp. were from Alexander Springs, Lake Co, FT.. (AS); and Lake

Panasoffkee, Sumter Co., FL (LP). Data for species other than J. tularosae are from Hershler et al. (1999) and

Liu et al. (2001).

Juturnia tularosae, new species

Tularosa juturnia

Diagnosis.—A small to medium-sized

Juturnia which differs from congeners in

shell having more convex teleoconch

whorls (which frequently are shouldered);

and female genitalia having smaller bursa

copulatrix and narrower spermathecal duct.

Description.—Shell (Fig. 5A, B) ovate-

conic, width/height 57-80%, with convex

spire sub-equal to shell width, 1.70-4.84

mm tall, whorls 4.0-6.0. Periostracum light

tan. Protoconch of about 0.75 whorl, sur-

face slightly roughened to coiTugated (Fig.

5C, D). Teleoconch whorls highly convex,

evenly rounded or wider above than below,

smooth apart from well-developed growth

lines and occasional weak spirals, shoulders
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Fig. 4. Drainage map of Rio Grande basin and adjacent areas showing distribution of Juturnia.

often well-developed. Teleoconch some-

times with weak demarcation at 1.25—1.75

whorl whorls reflecting cessation of growth

in brood pouch. Aperture medium-sized.

Inner lip thin or slightly thickened, straight

or weakly rounded, usually complete and

narrowly or broadly adnate across parietal

wall, sometimes narrowly disjunct; lip

sometimes narrowly reflected in columellar

region. Outer lip orthocline or weakly pro-

socline, straight or weakly sinuate. Larger

specimens often having last 0.25-0.5 whorl

loosened from body whorl. Umbilicus ri-

mate to broad. Females larger than males,

but having similarly shaped shells (Fig. 6,

Table 1). Shell parameters are in Table 1.

Operculum flat or slightly concave,

ovate, light amber. Outer side nearly

smooth, edges of later whorls weakly frilled

(Fig. 7A). Attachment scar margin slightly

thickened on inner side; outer margin very

weakly rimmed (Fig. 7B).

Radula with about 53 well-formed rows

of teeth; ribbon length, 579 ixm; ribbon

width, 120 |xm; central tooth width, 24.8

|xm. Dorsal edge of central teeth moderately

indented, basal process usually rounded be-

low, base even with lateral margins, median

cusps slightly longer than laterals, pointed

or rounded distally; lateral cusps 4-5; basal

cusps small (Fig. 8A). Lateral teeth having

3-4 cusps on inner side and 6-7 cusps on

outer side; outer wing well-flexed, curved,

length 210-240% width of tooth face; cen-

tral cusp pointed or rounded distally, dorsal

edge weakly concave; basal tongue mod-
erately developed (Fig. SB). Inner marginal

teeth with 26-33 cusps, cutting edge on
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Fig. 5. Scanning electron micrographs of shells of J. tiilarosae, USNM 894803. A, B. Variation in shell

shape; scales equal 1 mm. C, D. Variation in protoconch appearance; scales equal 100 |xm.

outer side of tooth, occupying ca. 33% of

tooth length (Fig. 8D). Outer marginal teeth

with 26-33 cusps, cutting edge on inner

side of tooth, occupying ca. 30% of tooth

length (Fig. 8E). Cusps on inner marginal

teeth larger than those on outer marginals

(Fig. 8C).

Snout dark grey or black. Cephalic ten-

tacles light-medium grey, sometimes darker

near bases and often having a black patch
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Fig. 6. Shells of J. tularosae. A female (holotype), USNM 894737. B. male, USNM 854956. Shell "A" is

3.77 mm tall; shell "B" is printed to the same scale.

near distal tips. Yellow granules scattered

along tentacle length, with dense white

patch of granules clustered on neck. Foot

dark grey, with numerous embedded clear-

white granules. Mantle, visceral coil grey-

black, pigment particularly dark over testis.

Distal penis having large grey-black patch

of melanic pigment; proximal portion pig-

mented with numerous yellow granules.

Snout rectangular, distal lips slightly ex-

panded. Tentacles narrow, ca. 150% length

of snout (while animal crawling), slightly

tapered, with rounded tips. Base of tenta-

cles without pronounced eyelobe. Foot ca.

250% longer than wide; lateral wings well-

developed; anterior edge slightly convex.

Ctenidium extending to near mantle edge

and overlapping pericardium posteriorly.

Ctenidial filaments ca. 27, extending to near

rectum, narrowly triangular with apices po-

sitioned slightly to left of mid-line; lateral

surfaces having well developed ridges. Hy-

pobranchial gland weakly developed along-

side rectum in posterior pallial cavity. Os-

Table 1.—Shell measurements of holotype (USNM 894737) and paratypes (USNM 894741) of Jutumia

tularosae. t values are given for comparisons of means among sexes (95% confidence level). *Sexual dimorphism

significant (P < 0.01).

SL sw LBW WBW AL AW TW SW/SL

Holotype 3.14 1.87 2.26 1.75 1.27 1.15 4.75 0.59

Paratypes

6 {n = 22)

X 2.44 1.61 1.77 1.41 1.03 0.97 4.55 0.66

SD 0.23 0.13 0.15 0.11 0.09 0.08 0.24 0.03

9 (n = 30)

X 2.91 1.92 2.06 1.69 1.20 1.14 4.90 0.67

SD 0.36 0.14 0.22 0.15 0.12 0.09 0.25 0.04

t 5.81* 8.46* 5.63* 7.65* 6.17* 7.16* 5.17* 0.260
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Fig. 7. Scanning electron micrographs of opercula of 7. tularosae, USNM 894803; scales equal 100 (im. A.

outer side. B. inner side.

phradium ovate, positioned slightly poste-

rior to middle of ctenidial axis. Renal organ

narrow. Style sac about as long as remain-

ing portion of stomach, posterior caecum of

stomach small, triangular.

Testis 1.0-1.25 whorl, slightly overlap-

ping posterior stomach chamber. Seminal

vesicle consisting of a few coils. Prostate

gland small, yellow, bean-shaped, 50-67%
of length in pallial roof, ovate in section,

walls thickened all around (Fig. 9). Visceral

vas deferens opening near posteroventral

edge of pallial gland; pallial vas deferens

straight or weakly kinked proximally on

columellar muscle. Penis medium-sized,

straight or slightly curved; distal portion

well expanded in living specimens (Fig.

lOA), evenly rounded or weakly expanded

in preserved material (Fig. lOB). Narrow
penial duct straight, or weakly undulating

in middle section.

Ovary positioned slightly behind stom-

ach. Distal genitalia shown in Fig. 11. Re-

nal oviduct loop (Ro) posterior-oblique,

bulging with sperm. Bursa copulatrix (Bu)

ovate, sometimes weakly pigmented, posi-

tioned a little behind posterior pallial wall,

duct (Dbu) narrow. Seminal receptacle (Sr)

small, abutting anterior portion of bursa co-

pulatrix. Sperm duct (Sdu) kinked posteri-

orly, otherwise straight. Duct to albumen

gland (Dag) issuing from oviduct slightly

distal to coiled section. Spermathecal duct

(Sd) narrow, although broadening distally,

opening slightly raised. Albumen gland

(Ag) abutting the ventro-right lateral sur-

face of the bursa copulatrix. Brood pouch

(Bp) containing 2-5 shelled embryos; an

additional series of weakly developed em-

bryos often present in posteriorly folded

section. Anterior opening of brood pouch

(Obp) muscular, raised, positioned along-

side anus.

Type material.—A live-collected series

obtained by Craig Stockwell on 4 Feb 2001

from Salt Creek at Range Road 316 cross-

ing. White Sands Missile Range, Tularosa

basin. Sierra County, New Mexico, Town-

ship 12S, Range 6E, NE 1/4 section 16. The

holotype (USNM 894737, Fig. 5A) is a

dried female from this series, while remain-

ing specimens (also dried) are reposited as

paratypes (USNM 894741). Three addition-

al paratype series from the type locality

were collected at other times during 1999—

2001 (USNM 854956, USNM 894803,

USNM 905339).

Other material examined.—Dried shells
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Fig. 8. Scanning electron micrographs of radula of J. tularosae, USNM 894803; scales equal 10 \i.m. A.

Central teeth. B. Lateral teeth. C. Portion of radula ribbon showing relative sizes of cusps on outer and inner

marginal teeth. D. Inner marginal tooth. E. Outer marginal teeth.

from Salt Creek, in a canyon ca. 6.4 km
above Range Road 316, Tularosa basin. Si-

erra County, New Mexico, Township 12S,

Range 6E, NE 1/4 section 3 (USNM
894738).

Distribution and habitat.—Juturnia tu-

larosae apparently is endemic to Salt Creek

(Meinzer & Hare 1915, pi. VIIIC), a major

drainage of the northern Tularosa basin

which heads in the San Andres and Oscura

ranges and is supported on the basin floor

by the discharge of Salt Springs. A field

survey during March, 2001 indicated that

snails were restricted to a central reach of

Salt Creek, extending from a canyon ca. 6.4

km north of Range Road 316 to ca. 0.5 km
downflow from this road. The northern end

of the snail range coincides with a waterfall

(ca. 2 m high) at the head of this canyon.

During recent years (1995-1999) dis-
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Fig. 9. Prostate gland (left side) of J. tularosae,

USNM 894956; scale equals 0.5 mm. Abbreviations

—

Pr, prostate gland; Pvd, pallial vas deferens; Vvd, vis-

ceral vas deferens.

charge of Salt Creek in the vicinity of the

type locality of J. tularosae averaged 32.28

liters/second (Ortiz & Lang 1996, Ortiz et

al. 1997, 1998, 1999). During this time pe-

riod the stream has been subject to periodic

flooding, usually during the summer, with a

maximum discharge of 1982.18 liters/sec-

ond. Water temperature varied from 7.0-

33.5°C; dissolved oxygen was typically

high, with an average of 9.29 mg/liter; and

pH was fairly constant, with an average of

8.07. Salt Creek is saline and both alkali-

(Na and K) and chloride-rich. These water

quality data are similar to those of earlier

studies of Salt Creek (Meinzer & Hare

1915, Miller & Echelle 1975, Stockwell &
Mulvey 1998).

Etymology.—A geographical name refer-

ring to endemism of this snail in Tularosa

basin, southeast New Mexico.

Remarks.—This species, together with /.

kosteri, is distinguished from J. coahuilae

by its much broader shell (compare Figs. 5,

6 with Hershler 1985, fig. 33), less elongate

bursa copulatrix, and more anteriorly posi-

tioned seminal receptacle (compare Fig. 1

1

with Hershler 1985, fig. 36). Our mtCOI-
based tree (Fig. 3) was consistent with mor-

phology in that the former two species

Fig. 10. Penes (left side) of J. tularosae; scale

equals 250 \i.m. A. Live specimen, USNM 894803. B.

Formalin-fixed specimen, USNM 894956. Abbrevia-

tions—Pa, terminal papilla; Pd, penial duct; PI, penial

lobe.

formed a strongly supported (97%) sub-

clade. In addition to the characters listed

above (see Diagnosis) Juturnia tularosae

differs from J. kosteri by the more deeply

indented dorsal edge of the central radular

teeth (compare Fig. 8A with Hershler 2001,

fig. 12A), squatter shape of prostate gland,

very short pallial extension of the female

sperm duct, papilla-like opening of the

brood pouch, and occasional pigment on

the bursa copulatrix (compare Fig. 1 1 with

Hershler 2001, fig. 13).

Discussion

The phylogenetic analysis of mtCOI se-

quences (Fig. 3) indicates that monophylet-

ic Juturnia is more closely related to brack-

ish water cochliopines confined to the west-

ern Atlantic and Gulf of Mexico margins

{Littoridinops, Pyrgophorus, Spurwinkia)

than to other taxa of southwestern North

America {Eremopyrgus, Mexipyrgus, Tiyoii-

ia) and is consistent with an origin associ-

ated with inland invasion by Gulf Coastal

ancestors. These sequence data also suggest
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Fig. 11. Female genitalia (left side) of 7. tularosae, USNM 894956; scale equals 500 \i,m. A. Brood pouch

(Bp) and associated structures. B. Bursa copulatrix (Bu) and associated structures. Abbreviations—Bp, brood

pouch; Bu, bursa copulatrix; Dag, duct connecting oviduct and albumen gland; Obp, opening of brood pouch;

Osd, opening of spermathecal duct; Pf, posterior folded section of brood pouch; Ro, renal oviduct; Sd, sper-

mathecal duct; Sdu, sperm duct; Sr, seminal receptacle.

that divergence of Jutumia occurred 4.3-

14.9 Ma (Miocene-early Pliocene) and thus

preceded assembly of the modern Rio

Grande drainage, which was not completed

until its master stream breached the Lake

Cabeza de Vaca complex (sensu Strain

1966) in northeastern Chihuahua and north-

western Texas ca. 2.5-2.0 Ma (Gustavson

1991, Mack 1997, 2001) and subsequently

penetrated to the sea. We conjecture that

coastal progenitors did not penetrate inland

through the Rio Grande but instead along

the drainages which headed on the flanks of

Laramide uplifts (e.g.. Rocky Mountains,

Sierra Madre Orientale; Winker 1982, Gal-

loway et al. 1991) and flowed east and

southeast to the Texas Gulf Coast during

the early-mid Tertiary (Thomas 1972, Bel-

cher 1975, Belcher & Galloway 1977,

Gather 1991, Christiansen & Yeats 1992).

Note that the Rio Grande region has had a

complex biogeographic history with respect

to the Gulf of Mexico and other venues of

inland transport of marine biota, which may
have ranged from stranding of 'relicts' in

conjunction with recession of Cretaceous
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seas (Bowman 1981, Holsinger 1986) to

Quaternary aerial dispersal on or in birds

(Bachuber & McClellan 1977), also may
have occurred.

Progenitors may have been euryhaline

and capable of penetrating into freshwater

environments (fide Hershler et al. 2002).

Alternatively, ancestral snails may have

been salt dependent in which case their in-

land dispersal was more tightly constrained

by water chemistry. Taylor (1985:318-319)

speculated that the Pecos River, which

flows through a region having a long his-

tory of evaporite dissolution (Bachman

1976) and is highly mineralized along por-

tions of its length (Gustavson & Finley

1985), functioned as an early saline conduit

for coastal molluscan colonists into this re-

gion. Although we disagree with aspects of

this interpretation of Pecos River history

(see below), we note that the Rio Salado (to

which J. coahuilae is endemic) also con-

tributes a large amount of salt to the Rio

Grande (Miyamoto et al. 1995) derived in

part from dissolution of (Cretaceous) evap-

orites (Back et al. 1977, Lesser & Lesser

1988) and thus may have had a long brack-

ish-saline history. (This river may date to

the Paleocene; Galloway et al. 1991:302.)

Note that Assiminea pecos, a member of a

salt-adapted gastropod genus typically as-

sociated with coastal margins (Abbott

1958), is distributed (together with Jutur-

nia) in upper segments of the Pecos River

and Rio Salado basins (Taylor 1987), which

further implies a close historical relation-

ship between these areas and saline habi-

tats.

We attribute vicariance of the Juturnia

sub-clade in southeastern New Mexico {J.

kosteri and J. tularosae) to the well docu-

mented capture of segments of the old

drainage system which extended from the

southern Rocky Mountains across the

southern High Plains (Plummer 1933, fig.

51 A) by the Pecos depression (fide Horberg

1949), which formed through dissolution of

bedded Permian salt followed by regional

subsidence (Gustavson & Finley 1985,

Gustavson & Winkler 1988). The closely

proximate occurrence of marine-like biota

in Great Plains drainage just east of the Pe-

cos divide (Creel 1964) is congruent with

this hypothesis. The timing of drainage di-

version has not been well established, but

presumably occurred following deposition

of the regionally widespread Ogallala For-

mation, which ended ca. 3.5-5 Ma (Hawley

1993a). These dates conform well to our

mtDNA evidence, which suggests that di-

vergence occurred 4.2-5.9 Ma.

Taylor (1985) suggested that regional

isolation of other marine-like mollusks was

effected by inception of the southern reach

of the freshwater Rio Grande in the Pleis-

tocene, which disrupted and diluted an an-

cestral saline Pecos River (through which

marine colonists dispersed). This assumes

that the Pecos River was through-flowing

to the Gulf prior to its integration with the

Rio Grande and is supported by provenance

interpretations of gravels on the Edwards

Plateau and the lower Rio Grande (Thomas

1972, Belcher 1975). However, an analysis

of river meander patterns suggests that the

lower Pecos River early headed on the Ed-

wards Plateau and did not integrate with the

Pecos depression (where snails are endem-

ic) until ca. 0.6 Ma, following incision of

the Pecos Canyon through headward ero-

sion (Amsbury & Dietrich 1987, Amsbury
& Hayward 1999; also see HiUs 1984:264).

The occurrence of a fossil herring in the

Gatuna Formation in southeastern New
Mexico (Miller 1982), whose age is brack-

eted at 13-0.5 Ma (Powers & Holt 1993),

suggests that marine biota may have been

present in the region well prior to integra-

tion of the Pecos River drainage in confor-

mance with our hypothesis. We agree with

Taylor (1985) that marine-like Pleistocene

gastropods from Terrell County, Texas (An-

drews 1977:92,98,180) could have dis-

persed into this region along the ancestral

lower Pecos River, however we attribute the

Pleistocene occurrence of the brackish-wa-

ter clam Rangia cuneata in the Pecos de-

pression (Metcalf 1980, Taylor 1985, fig.
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30) to dispersal along the same drainage

system that was invaded by Juturnia pro-

genitors.

Subsequent vicariance of J. tularosae es-

timated at 2.2-3.0 Ma (based on third po-

sition transitions only as there were no

transversion changes at this position) is

enigmatic in that geologic evidence sug-

gests that Tularosa basin was endorheic dur-

ing the Pleistocene and opened not to the

east but to the south during the late Plio-

cene (5-2 Ma), when it served as a periodic

distributary of the ancestral upper Rio

Grande (Mack et al. 1996, 1997, Mack
1999). (Although pluvial Lake Otero [fide

Herrick 1904] flooded Tularosa basin up to

1250 m elevation during its late Pleistocene

highstand, it never breached its basin [Kot-

tlowski 1958, Miller 1981, Hawley 1993b,

Pittenger & Springer 1999].) Any prior his-

torical drainage relationship between this

area and the Pecos region presumably was
disrupted by late Tertiary extensional fault-

ing, but is not well constrained as Tularosa

basin, which consists of two adjacent deep-

ly incised half-grabens (Lozinsky & Bauer

1991, Adams & Keller 1994), is bounded

by mountain blocks which have had long

uplift histories (Kelley & Chapin 1997) ex-

tending into the Quaternary (Machette

1987). The close relationship implied by
our data between this component of the Rio

Grande Rift and the southern Great Plains

is paralleled by allozymic evidence of re-

gional pupfishes (Echelle & Echelle 1992)

and suggests a need for further study of the

functionality of the regional drainage divide

during the late Neogene.
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Tepalcatia, a new genus of hydrobiid snails (Prosobranchia:

Rissooidea) from the Rio Balsas basin, central Mexico
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Abstract.—Tepalcatia, a new genus of cochliopine snail from the Rio Balsas

basin of central Mexico, is composed of Tepalcatia tela, new species, described

herein; and Tepalcatia polia (Thompson & Hershler, 1991), previously assigned

to Aroapyrgus. A third species, Tepalcatia bakeri (Pilsbry, 1891a), is tenta-

tively referred to the genus. This snail, known only as a subfossil, most recently

was assigned to Tryonia. Tepalcatia is placed in the informal "Cochliopa

group" based on the absence of penial glands; division of penis into a folded

base and smooth, tapered filament; and the very short female sperm duct. Te-

palcatia is distinguished from other members of this group by its ovate-conic

to turriform shell; long ducts of the female sperm pouches; and large circular-

horizontal loop of the coiled oviduct. Tepalcatia tela differs from T. polia by

its smaller size, more elongate shell, longer and broader penial filament, and

several additional anatomical features. Tepalcatia bakeri is a large, slender-

shelled species with stronger spiral sculpture than its congeners.

The freshwater snail fauna of the Amer-
ican tropics remains poorly known
(Thompson & Hanley 1982). The only fam-

ilies that have been studied within the con-

text of detailed anatomical investigations

are the biomedically important Planorbidae,

and the Hydrobiidae. Those Planorbidae

that are not biomedically important have

been little treated in contemporary litera-

ture. Although the Hydrobiidae may be the

best known family of freshwater snails, its

tropical American fauna has been little col-

lected, and cursory field investigations rou-

tinely yield new species. One such species

is the basis of this report.

The only drainages in Mexico and Cen-

tral America that have been surveyed in

some detail for aquatic gastropods are those

of the Rio Panuco (Pilsbry 1909, 1910;

Pilsbry & Hinkley 1910, Pilsbry 1956) and

the Rio de la Pasion (Goodrich & Schalie

1937), a tributary of the Rio Usumacinta.

The Rio Balsas of central-Pacific Mexico,

whose drainage basin is much larger than

that of the Rio Panuco and is comparable

to that of the Rio Usumacinta (Tomayo

1964, table 1), is by contrast almost com-
pletely unexplored. Pilsbry (1891b) record-

ed a planorbid, Gyraulus parvus, from near

Yautepec (Morelos) and also described a

hydrobiid from this general area (Pilsbry

1891a), while we described a second hy-

drobiid species, also from the eastern por-

tion of the Balsas basin (Thompson & Her-

shler 1991). All three snails are known
from single localities. Herein, we describe

another new hydrobiid from the Rio Balsas

basin and propose a new genus for this nov-

elty, together with the two earlier recorded

hydrobiids from this drainage.

Material and Methods

Specimens used for anatomical study

were anaesthetized with menthol crystals

overnight and subsequently fixed in Bouin's
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solution and preserved in 70% ethanol.

Shell whorl counts and measurements were

made using the methods of Hershler (1989).

Counts of cusps on radular teeth were made
by inspection of mounted material using a

scanning electron microscope; other com-
ponents of radular description were gener-

ated by study of scanning electron micro-

graphs. Morphological terminology follows

Hershler & Ponder (1998). Specimens of

the new species were deposited in the Flor-

ida Museum of Natural History, Gainesville

(UF); and the National Museum of Natural

History, Smithsonian Institution, Washing-

ton, D.C. (USNM). Other material exam-

ined was from the above collections and

that of the Academy of Natural Sciences of

Philadelphia (ANSP).

Family Hydrobiidae

Subfamily Cochliopinae

Tepalcatia, new genus

Type species.—Tepalcatia tela, new spe-

cies. Also included are Aroapyrgus polius

Hershler & Thompson, 1991; and Potamo-

pyrgus bakeri Pilsbry, 1891a.

Etymology.—From the Nahuatl (Aztec)

tepalcate, meaning shard, which is used as

a linguistic stem for various regional fea-

tures associated with the southern edge of

the Mesa Central (e.g., Rio Tepalcatepec).

The genus name refers to the distribution of

the three included species along this escarp-

ment. Gender feminine.

Diagnosis.—A central Mexican coch-

liopine genus in the informal ''Cochliopa

group" (of Hershler & Thompson 1992)

which differs from other group members in

having a more slender (versus planispiral to

low conical) shell; elongate female sperm

pouch ducts; and a large, circular or pos-

teriorly oriented (versus a small, narrowly

vertical) loop of the coiled oviduct.

Description.—Shell ovate- to elongate-

conic, with convex spire, minute to small

(maximum length 1.6-4.0 mm). Shell clear

and transparent. Periostracum thin, tan or

gray. Apex blunt, often slightly tilted. Em-

bryonic shell of 1.6-1.75 whorls, with two

distinct sections; initial portion (ca. 0.75

whorl) irregularly roughened and/or lined

with a few spiral elements, sculpture dimin-

ishing to near smooth on later portion. Te-

leoconch of 2.5—4.25 convex whorls sculp-

tured with finely spaced growth lines and

occasional, narrowly spaced spiral striae; a

few spiral ridges and weak coUabral some-

times present in one species. Aperture

ovate, small, inner lip thin, adnate to and

usually complete across parietal wall; outer

lip thin, straight or weakly sinuate. Umbi-
licus absent or rimate to well developed.

Operculum thin, transparent, amber col-

ored, multispiral, with eccentric nucleus.

Outer side of operculum smooth or frilled

along edge of last whorl; attachment scar

margin smooth.

Radula small, with about 48 well-formed

rows of teeth. Dorsal edge of central teeth

indented; basal process angled, rounded be-

low, even with lateral margins; median

cusps longer than laterals, dagger-like; large

basal cusp sometimes flanked by 1-2 small-

er cusps. Lateral teeth with rounded or

weakly pointed central cusp, weakly or

moderately developed basal tongue, and

long, straight, flexed outer wing of medium
width; cutting edge weakly indented dor-

sally. Cusps on outer marginal teeth larger

than those on inner marginals.

Head-foot pigment well-developed, gray

or black. Snout darker than cephalic tenta-

cles, although distal lips pale. Snout weakly

tapered, distal lips expanded. Cephalic ten-

tacles narrow, a little longer than snout, pai-

allel-sided, with rounded tips. Eyes small,

black, at outer bases of tentacles. Bases of

tentacles without pronounced eyelobe.

Snout with scattered ciliary tufts. Cephalic

tentacles with well developed longitudinal

ciliary tracts on dorsal and ventral surfaces,

and along inner edges. Mantle weakly pig-

mented; pigment concentrated along edges

of genital ducts and ctenidium. Pigment

well developed on testis and stomach; di-

gestive gland pigmented with scattered

black granules.
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Ctenidium well developed, wide, extends

entire length of pallial cavity. Ctenidial fil-

aments 25-27, triangular, lateral surfaces

ridged. Osphradium located near middle of

ctenidium, short, narrow. Rectum nearly

straight, packed with oval fecal pellets. Re-

nal organ extends ca. 33% of length of renal

gland into pallial roof, renal gland oriented

longitudinally, opening of gland with sim-

ple lips. Pericardium with a little less than

50% of length in pallial roof, ctenidium

overlapping anterior end of pericardium.

Stomach with similar-sized anterior and

posterior chambers, single digestive gland

opening, very small posterior caecum pre-

sent or absent; style sac about as long as

remainder of stomach.

Testis of numerous simple vertically

stalked lobes occupying most of visceral

coil behind stomach and overlapping pos-

terior chamber of stomach. Seminal vesicle

a tightly coiled mass of numerous narrow

coils, positioned beneath about 0.25 whorl

of testis behind stomach. Prostate gland al-

most entirely visceral, sub-globular or oval,

thin-walled. Visceral vas deferens opens

ventrally in front of posterior edge of pros-

tate gland; pallial vas deferens opens ven-

trally a little behind anterior end of prostate

gland, straight. Penis simple, with smooth,

tapered filament lacking papilla; base mod-
erately wide, with transverse folds. Penial

duct centrally positioned, weakly coiled in

basal or medial section, otherwise straight.

Ovary simple, short, occupying small

part of visceral coil (0.25 whorl or less).

Coiled oviduct unpigmented, not bound in

connective tissue, of glandular appearance,

with single large loop which is nearly cir-

cular or posteriorly oriented. Females ovo-

viviparous, with young brooded in glandu-

lar oviduct. Brood pouch thin-walled, with

anterior opening. Albumen gland small,

largely or entirely restricted to posteriorly

folded section of glandular oviduct. Ante-

rior section of brood pouch containing 3-

15 shelled, pigmented young, posteriorly

section packed with numerous small em-
bryos lacking shells. Brood pouch opening

a terminal papilla. Sperm pouches small,

with pink sheen, horizontal, positioned well

behind pallial wall and extending to near

posterior edge of albumen gland; ducts

broadly overlapping, opening from anterior

edge of pouches. Bursa copulatrix narrow

or oval, duct narrow or broad. Seminal re-

ceptacle oval or sub-globular, duct narrow.

Coiled oviduct and seminal receptacle join

a little behind posterior pallial wall at point

where former opens to posterior edge of al-

bumen gland. Sperm duct opening to distal

section of bursal duct, very short. Sperma-

thecal duct narrow, opening a little in front

of posterior wall of pallial cavity.

Distribution.—Tepalcatia is distributed

in widely separated headwater regions of

the Rio Balsas and its western tributary, the

Rio Tepalcatepec (Fig. 1).

Remarks.—The anatomical groundplan

of Tepalcatia well conforms to that of the

''Cochliopa group" (sensu Hershler &
Thompson 1992), an informally recognized

assemblage of five Neotropical cochliopine

genera (Aroapyrgus, Cochliopa, Cochliop-

ina, Mexithauma, Subcochliopa) which
share the following characters: absence of

penial glands; division of the penis into a

creased base and a smooth, tapered fila-

ment; and very short female fertilization

duct (= sperm duct). Although phylogenetic

relationships of cochliopines have not been

evaluated using morphological criteria, an

analysis based on mtDNA sequences de-

picted four members of the "Cochliopa

group," together with a species of the enig-

matic South American genus Lithococcus,

as a moderately supported monophyletic

group (Liu et al. 2001). Among members
of this group Tepalcatia shares with Aroa-

pyrgus, Mexithauma and some species of

Cochliopina an ovoviviparous reproductive

mode. However, this feature is widespread

among cochliopines (Hershler & Thompson
1992) and cannot be assumed to be unique-

ly derived in the above set of taxa. Shells

of Tepalcatia most closely resemble those

of Aroapyrgus among this group and we
conjecture a close relationship among these
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taxa, as supported by their geographical

proximity in central Mexico.

Tepalcatia tela, new species

Figs. 2-7

Etymology.—From the Latin tela, mean-

ing dart, and referring to the lanceolate

shape of the shell.

Diagnosis.—Distinguished from other

congeners by its small size, elongate-conic

shell, and orthocline outer apertural lip.

This species also differs from T. polia (the

only other congener whose anatomy has

been studied) in having fewer cusps on the

inner marginal teeth, weaker transverse cil-

iation on the left cephalic tentacle, broader

ctenidial filaments, longer and broader pe-

nial filament, smaller ovary, posteriorly ori-

ented oviduct coil, smaller albumen gland,

fewer brooded young, narrower bursal duct,

and a short connecting duct between the

seminal receptacle duct and the oviduct.

Description.—Shell (Figs. 2A, 3) elon-

gate-conic, 1.63-2.99 mm tall, SW/SH

0.42-0.51, AH/SH 0.27-0.38, whorls,

4.25-6.0. Periostracum tan. Shell apex

shown in Fig. 2B. Teleoconch whorls weak-

ly to moderately convex; sculpture of well

developed growth lines; numerous, weak

spiral striae also commonly present. Outer

lip orthocline, straight or weakly sinuate.

Female shells (Fig. 3A) larger, broader, and

with smaller aperture than males (Fig. 3B,

Table 1). Opercula shown in Fig. 2C, D.

Radula ribbon length ca. 370 |xm, width

ca. 70 |xm; central tooth width ca. 17.8 fxm.

Dorsal edge of central teeth (Fig. 4A)

strongly indented, lateral cusps 3-7. Lateral

teeth (Fig. 4B) with 4-8 cusps on inner

side, 5-7 cusps on outer side; outer wing

length 135-160% of dorsal edge width. In-

ner marginal teeth (Fig. 4C) with 21-25

cusps, cutting edge occupying ca. 43% of

tooth length, inner side of tooth with prom-

inent flange occupying >50% of tooth

length. Outer marginal teeth (Fig. 4D) with

18-23 cusps, cutting edge occupying ca.

30% of tooth length, outer side of tooth
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Fig. 2. Shells and opercula of Tepalcatia tela. A. Shell, UF 283874; scale = 1.0 mm. B. Shell apex, UF
283874; scale = 100 |jLm. C. Operculum, outer side, UF 283875; scale = 100 \un. D. Operculum, inner side,

UF 283875; scale = 100 |xm.

with flange occupying <50% of tooth

length. Section of radula ribbon shown in

Fig. 4E.

Dorsal surfaces of tentacles sometimes

having a long, central, longitudinal band.

Digestive gland light green, stomach uni-

formly black. Penis pale or with a weak

pigment band along inner edge. Cephalic

tentacle ciliation shown in Fig. 5A-C.
Transverse ciliary tufts (Tt) absent or weak-

ly developed on left tentacle (Fig. 5C).

Ctenidial filaments slightly wider than tall,

apices positioned slightly to left of midline.

Testis 1.5 whorls. Visceral vas deferens
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Fig. 3. Shells of Tepalcatia tela. A. Holotype, UF 287449. B. Shell of male, UF 283874. Scale = 1.0 mm.

(Vvd) opening a little in front of posterior

edge of prostate gland (Fig. 6A). Penis

(Figs. 5D, 6B) small, coiled counter-clock-

wise; filament (Pf) about 50% as long and

slightly narrower than base. Penial duct

(Pd) undulating in base. Ovary tubular, oc-

cupying <0.25 whorl. Shelled embryos 3-

5, embryos without shells packed into two

rows posteriorly. Albumen gland (Ag) re-

stricted to posteriorly folded section of

glandular oviduct (Fig. 7A). Coiled oviduct

loop (Co) posterior-oblique to horizontal.

Bursa copulatrix (Bu) narrowly oval, broad-

ly overlaps left side of seminal receptacle

(Sr), duct (Dbu) much narrower than pouch

(Fig. 7B). Seminal receptacle (Sr) sub-glob-

ular. Oviduct and seminal receptacle duct

joined by short connecting duct.

Table 1.—Shell measurements of holotype (UF 287449) and paratypes (UF 283874) of Tepalcatia tela. T
values are given for comparisons of means among sexes (95% confidence interval). *Sexual dimorphism sig-

nificant (P < 0.01).

SH sw LBH WBW AH AW TW SW/SH AH/SH

Holotype 2.57 1.19 1.45 1.13 0.792 0.673 5.75 0.462 0.308

Paratypes (males, n = 8)

X 1.71 0.84 1.02 0.780 0.619 0.482 4.44 0.491 0.363

SD 0. 1 34 0.064 0.057 0.041 0.039 0.026 0.178 0.014 0.012

Paratypes (females, n = 13)

X 2.73 1.19 1.46 1.15 0.805 0.647 5.50 0.437 0.295

SD 0.182 0.055 0.064 0.048 0.038 0.033 0.270 0.015 0.011

T 14.8* 13.0* 1 6.4* 18.9* 10.8* 12.6* 10.9* -8.22* -12.6*
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Fig. 5. Head and penis of Tepalcatia tela, UF 283875. A. Right cephalic tentacle, dorsal surface. B. Left

cephalic tentacle, ventral surface. C. Left cephalic tentacle, dorsal surface. D. Penis. Scales = 100 jj-m. Abbre-

viations: Dt, dorsal ciliary tract; It, tract along inner edge of tentacle; Tt, transverse ciliary tract; Vt, ventral

ciliary tract.

Type material.—A large sample (original north of Santa Ana Amatlan, Michoacan,

field number FGT 6093) obtained by F. G. 19°10.7'N, 102°32.rw, 430 m elevation.

Thompson and L. Appelton on 22 Feb 2001 Snails were collected from roots of shrubs

from a stream ("Los Ultimos") 3.0 km which were growing along the edge of the
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Fig. 6. Male genitalia of Tepalcatia tela, UF 283875. A. Prostate gland, left side. B. Penis. Scales = 100

[xm. Abbreviations.—Pb; penis base; Pd, penial duct; Pf, penial filament; Pr, prostate gland; Pvd, pallial vas

deferens; Vvd, visceral vas deferens.

Stream in moderate current. The holotype

(UF 287449, Fig. 3A) is a dried female

from this series, while remaining specimens

are reposited as paratypes (UF 283874, UF
283875, USNM 10000276).

Other material examined.—Shells and

alcohol-preserved specimens from a spring-

fed lagoon along Mexican Highway 120,

7.5 km northwest of Apatzingan, Michoa-

can, 19°07.9'N, 102°25.2'W, 380 m elev.

(UF 283862, UF 283869, UF 283848, UF
283849). This spring is known locally as La
Mojarra and is shown on a local topograph-

ic map as slightly northwest of La Mojada.

The spring issues from a basalt flow and

enters a pool that is 30 m wide and 2 m
deep, with clear water and a silt bottom.

The pool is drained by an irrigation canal

that flows south.

Remarks.—Other snails associated with

Tepalcatia tela at both localities were
Cochliopina sp., Melanoides tuberculata,

Biomphalaria sp., Physella sp., and Ferris-

sia sp.

Among the few hydrobiids previously re-

corded from central Mexico are three spe-

cies of Durangonella (Morrison 1946)

whose narrow shells resemble that of Te-

palcatia tela. All three of these species are

unknown in terms of anatomy, and their ge-

neric placements are further clouded by the

uncertain taxonomic status of Durangonella

(Hershler et al. 2002). Two of these species,

D. dugesiana and D. mariae, are sub-fossils

from the Mesa Central. They are larger than

T. tela. Durangonella dugesiana further

differs from T. tela by its more elongate

shape and shallower sutures, while D. mar-

iae is distinguished by its more flattened

apex. The third species, D. pilsbryi, de-

scribed from material collected in the vicin-

ity of Manzanillo (Colima), also is larger

than T. tela and has a broader, more cylin-

drical shell.

Tepalcatia polia (Thompson & Hershler,

1991)

Figs. 8-1

1

Aroapyrgus polius Thompson & Hershler,

1991:669-671, fig. 1.

Diagnosis.—A large species which dif-

fers from other congeners in having an

ovate-conic shell.
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B

Fig. 7. Female genitalia of Tepalcatia tela, UF 283875. A. Glandular oviduct and associated structures, left

side. B. Sperm pouches and associated structures. Scales = 250 ixm. Abbreviations: Ag, albumen gland; Bp,

brood pouch; Bu, bursa copulatrix; Co, coiled oviduct; Dag, duct to the albumen gland; Dbu; bursal duct; Dsr,

seminal receptacle duct; Obp, opening of brood pouch; Sd, spermathecal duct; Sdu, sperm duct; Sr, seminal

receptacle.

Description (emended from Thompson &
Hershler 1991).—Shell (Fig. 8A) ovate-

conic, 2.37-3.70 mm tall, SW/SH 0.57-

0.63, AH/SH 0.37-0.44, whorls 4.5-5.25.

Periostracum grey. Shell apex shown in Fig.

8B. Teleoconch whorls weakly convex,

sculpture of weak growth lines. Outer lip

weakly prosocline, straight. Opercula

shown in Fig. 8C, D.

Radula ribbon length ca. 330 ixm, ribbon

width ca. 77 jjtm; central tooth width ca.

18.5 ixm. Dorsal edge of central teeth (Fig.

9A) moderate to strongly indented, lateral

cusps 5-9. Lateral teeth (Fig. 9B) with 4-
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Fig. 8. Shells and opercula of Tepalcatia polia. A. Shell, UF 174989; scale =1.0 mm. B. Shell apex, UF
174989; scale = 100 [xm. C. Operculum, outer side, UF 174988; scale = 100 |xm. D. Operculum, inner side,

UF 174988; scale = 50 |xm.

5 cusps on inner side; 5-7 cusps on outer

side; outer wing length 180% of dorsal edge

width. Inner marginal teeth (Fig. 9C) with

28-31 cusps, cutting edge occupying ca.

43% of tooth length, inner side of tooth

with prominent flange occupying >50% of

tooth length. Outer marginal teeth (Fig. 9D)

with 17-23 cusps, cutting edge occupying

ca. 24% of tooth length, outer side of tooth

with flange occupying ca. 50% of tooth

length. Section of radula ribbon shown in

Fig. 9E.

Digestive gland grey-white. Stomach
chambers pigmented with scattered black
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Fig. 9. Radulae of Tepalcatia polia. UF 174988. A. Central teeth. B. Lateral tooth. C. Inner marginal teeth.

D. Outer marginal tooth. E. Section of radular ribbon. Scales = 10 |jLm.

granules; style sac near uniformly black.

Penis pale or lightly pigmented, with mel-

anin often concentrated on base. Cephalic

tentacle ciliation shown in Fig. lOA-C.
Short, transverse ciliary tracts well devel-

oped along basal inner edge of left tantacle

(Fig. IOC). Ctenidial filaments taller than

wide, apices positioned well to left of mid-

line.

Testis 1.0—1.5 whorls. Visceral vas de-

ferens opening near middle of prostate

gland (not figured). Penis (Figs. lOD, 1 1 A)

medium-large, weakly curved; filament

(Pf) very short to about half length of base

(Pb), narrow relative to base. Penial duct

(Pd) undulating in medial section. Ovary a

small sac occupying ca. 0.5 whorl. Shelled

embryos 5-15, embryos without shells

packed into one or two rows. Albumen
gland posteriorly folded, with short dorsal

section. Coiled oviduct (Co) usually open,

sub-circular, rarely a tight posterior-
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Fig. 10. Head and penis of Tepalcatia polia, UF 174988. A. Right cephalic tentacle, dorsal surface. B. Left

cephalic tentacle, ventral surface. C. Left cephalic tentacle, dorsal surface. D. Penis. Scales = 100 jjim. Abbre-

viations: Dt, dorsal ciliary tract; It, tract along inner edge of tentacle; Tt, transverse ciliary tract; Vt, ventral

ciliary tract.

oblique loop (Fig. IIB). Bursa copulatrix

(Bu) elongate-ovate, duct almost as wide
as pouch. Seminal receptacle (Sr) ovate,

broadly overlapping bursa copulatrix on

left side. Oviduct and seminal receptacle

join directly.

Material examined.—Holotype, UF
175028; paratypes UF 174988, UF 174989,
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B
Dsr Dbu

Fig. IL Genitalia of Tepalcatia polia, UF 174988. A. Penis; scale = 500 jjim. B. Sperm pouches and

associated structures; scale = 250 |xm. Abbreviations: Ag, albumen gland; Bu, bursa copulatrix; Co, coiled

oviduct; Dag, duct to the albumen gland; Dbu, bursal duct; Dsr, seminal receptacle duct; Pb, penis base; Pd,

penial duct; Pf, penial filament; Sd, spermathecal duct; Sdu, sperm duct; Sr, seminal receptacle.

USNM 860566. All of these lots are from

a small spring-fed pool 3.5 km northeast of

Tamazulapan del Progreso, Oaxaca, Mexi-

co, 2100 m elevation.

Remarks.—We previously described this

species and allocated it to Aroapyrgus. Sub-

sequently, we have studied the anatomy of

this snail in more detail and discovered that

its female anatomical groundplan (Fig.

IIB) differs substantially from that of the

type species of Aroapyrgus (Hershler &
Thompson 1992, fig. 15) and is closely sim-

ilar to that of Tepalcatia tela. Accordingly,

we refer it to the genus Tepalcatia.
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Fig. 12. Lectotype of Tepalcatia bakeri, ANSP
61578. Scale = 1.0 mm.

Tepalcatia bakeri (Pilsbry, 1891a)

Fig. 12

Potamopyrgus ? bakeri Pilsbry, 1891a:9.

—

Pilsbry, 1891b:328-329, pi. 15 (figs. 9-

11).—Fischer & Crosse, 1891:277.—
Baker, 1964:171 (lectotype selection).

Amnicola bakeri.—Martens, 1899:435.

Tryonia bakeri.—Taylor, 1966:196.

Diagnosis.—A large species whose shell

differs from that of other congeners in hav-

ing stronger spiral sculpture, and occasional

weakly developed collabral ribs and basal

angulation of late teleoconch whorls.

Description (from Pilsbry 1891b:328).

—

"Shell [Fig. 12] slender, elongated, taper-

ing, the altitude more than twice the diam-

eter. Whorls 5.5, very convex, separated by
deeply impressed sutures; apex somewhat
obtuse. Aperture small, ovate, its length

contained more than three times in the

length of the shell; peristome continuous,

thin. Umbilicus a closed rimation behind

the inner lip. Surface marked by delicate

growth-lines, having low, inconspicuous

longitudinal folds (sometimes quite regular

and well marked on the upper whorls), and

encircled by numerous fine, subobsolete

spiral striae. Alt. 4, diam 1.9 mm."
Type locality.—Yautepec [Morelos],

Mexico. Pilsbry (1891b:328) later stated

that specimens were "dug from the bank of

a stream east of Yautepec [Morelos], Mex-
ico." Collector, F. C. Baker. Lectotype,

ANSP 61578 (Fig. 12); paralectotypes,

ANSP 408191.

Remarks.—This species was described

on the basis of subfossils and remains

known only from the original type material.

It resembles Tepalcatia tela in shape of the

shell and its apex and we tentatively assign

it to Tepalcatia on this basis, along with its

geographic location within the Rio Balsas

basin (where other species of Tepalcatia

live). Note that no other slender-shelled hy-

drobiid genera are known from central

Mexico other than Durangonella, whose
taxonomic status is problematic (Hershler et

al. 2002).
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Taxonomic study of the Kinorhyncha in Japan. II. Condyloderes

setoensiSy a new species (Kinorhyncha: Cyclorhagida) from Tanabe
Bay (Honshu)—first representative of the genus in the Pacific Ocean

Andrey V. Adrianov, Chisato Murakami, and Yoshihisa Shirayama

(AVA) Institute of Marine Biology, Vladivostok 690041, Russia; (CM and YS) Seto Marine

Biological Laboratory of Kyoto University, Shirahama-cho, 459, Wakayama, Japan

Abstract.—A new species of centroderid kinorhynchs, Condyloderes setoen-

sis, new species, from muddy sediment at Tanabe Bay, Honshu Island, is de-

scribed and illustrated using light and electron microscopy. Previously, mem-
bers of the genus Condyloderes were found on the coasts of Scotland and the

Netherlands in the North Sea {Condyloderes multispinosus), and the coast of

India in the Bengal Bay (C paradoxus). Condyloderes setoensis is the third

species of the genus Condyloderes and the first representative of the genus in

the Pacific ocean. A key to the three species of the genus is proposed. The
genus Condyloderes is the fifth genus of the Kinorhyncha known from Japan

and the ninth genus known from the Pacific.

Kinorhyncha constitute a taxon of

meiobenthic, free-living, segmented and

spined marine invertebrates, generally less

than 1 mm in length. Previously, the taxon

has been considered as a class of the phy-

lum Aschelminthes (see Hyman 1951), but

currently is considered an independent phy-

lum with close relationships to aschelminth

worms (see Higgins 1971, Kristensen &
Higgins 1991). Recently, Adrianov & Ma-
lakhov (1994, 1999) included the Kino-

rhyncha as a class of the phylum Cephal-

orhyncha.

Only four genera of the Kinorhyncha

have been recorded from Japanese waters.

The first report of kinorhynchs from Japan

was Echinoderes sp., found on the Pacific

coast near Tokyo (Kawamura 1927). Years

later, Abe (1930) described a new species,

Echinoderes masudai Abe, 1930, from the

vicinity of Hiroshima. This species is not

currently designated as a valid species be-

cause of the very poor description (Higgins

1983, Adrianov & Malakhov 1999). Later,

Tokioka (1949) and Sudzuki (1976a,

1976b) reported another species of Echi-

noderes, E. dujardinii Claparede, 1863. The

finding of E. dujardinii in Japan is, how-

ever, highly questionable because the spe-

cies is known only from European waters,

and the reports of Tokioka (1949) and Sud-

zuki (1976a, 1976b) seem to represent a

misidentification (Higgins 1983, Adrianov

& Malakhov 1994). The second genus re-

ported from Japan was Kinorhynchus, listed

and illustrated by Sudzuki (1976a) and later

identified as Kinorhynchus yushini Adri-

anov, 1989 (Adrianov & Malakhov 1999).

Recently, Higgins & Shirayama (1990) de-

scribed a new genus and new species, Dra-

coderes abei Higgins & Shirayama, 1990,

from the Seto Inland Sea of Japan. Quite

recently, a representative of the fourth ge-

nus, Pycnophyes tubuliferus Adrianov,

1989, was reported and re-described from

Tanabe Bay, in the vicinity of the Seto Ma-
rine Biological Laboratory of Kyoto Uni-

versity (Murakami et al. 2001).

Representatives of the genus Condylod-

eres have never been reported in the Pacific

Ocean. This genus consists of only two spe-

cies, Condyloderes multispinosus (Mc-
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42.2' N Pacific

135° 22.9'

E

200 km

Fig. 1. Map showing the collection site (black spot) of Condyloderes setoensis (Tanabe Bay, Kii-Peninsula,

Honshu Island, Japan).

Intyre, 1962) Higgins 1969 and C. para-

doxus Higgins, 1969. The former species

was found in the North Sea, in a few lo-

calities in Scotland (Fladen, Loclc Nevis,

Lock Torridon) (Mclntyre 1962) and on the

coast of the Netherlands (Westerscheld

Mouth) (Huys & Coomans 1989). The lat-

ter species was described from the Indian

Ocean (Kakinaba Bay, Bay of Bengal)

(Higgins 1969).

This is the description of the third species

of the genus Condyloderes. It is also the

first detailed morphological study of the ge-

nus using Nomarsky light microscopy and

scanning electron microscopy (SEM).

Materials and Methods

Eleven specimens of the genus Condy-

loderes were collected in 2000 from a mud
sample taken by a meiobenthic dredge at a

depth of 15-27 m in Tanabe Bay, located

at Kii peninsula of Honshu Island

(33°42.2'N and 135°22.9'E), in the vicinity

of Seto Marine Biological Laboratory of

Kyoto University (Fig. 1). Living kinor-

hynchs were extracted from the sediment

by the "bubble-and-blot" method (Higgins

1983). All specimens were fixed in 10%
buffered formalin in seawater. Specimens

were transferred into a 70% ethanol-5%

glycerol-25% deionized water solution.
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Fig. 2. Condyloderes setoensis, holotypic male (AVA-C-JAP-Ol.C). A, ventral view; B, dorsal view. Scale

bar: 50 jjim.



208 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Letting ethanol and water evaporate, the

material was preserved in anhydrous glyc-

erol. Eight specimens were mounted indi-

vidually in Hoyer's-125 mounting medium
between two cover slips, and positioned on

Higgins-Shirayama plastic slide frames for

further examination using differential inter-

ference contrast optics (Nomarsky optics).

Three specimens were selected for SEM.
These specimens were transferred by an Ir-

win Loop from 10% formalin to a vessel of

distilled water and washed using a deter-

gent to clean the body surface. The cleaned

specimens were transferred to a minimal

volume of distilled water, and ethanol was

added slowly until the concentration came
close to 100 percent. Thereafter, the speci-

mens were washed with absolute ethanol

several times, and finally replaced by tertia-

ry-butyl alcohol. The specimens were dried

in a freeze dryer, mounted on stubs coated

with Platinum-Paladium, and observed us-

ing a SEM (Hitachi S-4300).

In the examination procedures, we fol-

lowed the standard protocol described by

Higgins (1983). Measurements are given in

micrometers. Ratios are expressed in per-

cent of the total length (TL) measured on

the midline, from the anterior margin of

segment 3 (first trunk segment) to the pos-

terior margin of segment 13, exclusive of

spines. Maximum sternal width (MSW) is

measured at the anteroventral margin of the

widest pair of sternal plates as first encoun-

tered in measuring each segment from an-

terior to posterior. Standard width (SW), or

sternal width of segment 12, is measured at

the anteroventral margin of 12th sternal

plates. Measurements are given for the

length of trunk segments (L), midterminal

spine (MTS), lateral terminal spines (LTS),

middorsal spines (DS), lateral spines (LS),

lateral accessory, or cuspidate, spines

(LAS) and subdorsal spines (SD). The lo-

cality data from material examined are re-

ferred to the collector's initials (AVA and

CM). The specimens in the code CM are

deposited in the meiofaunal collection of

the Seto Marine Biological Laboratory of

Kyoto University, and those of AVA in the

meiofaunal collection of the Institute of

Marine Biology in Vladivostok, Russia.

Systematics

Class Kinorhyncha (Reinhard, 1881)

Pearse 1936

Order Cyclorhagida (Zelinka, 1896)

Higgins 1964

Suborder Cyclorhagae (Zelinka, 1896)

Zelinka 1928

Family Centroderidae Zelinka, 1896

Genus Condyloderes Higgins, 1969

Condyloderes setoensis, new species

Figs. 2-6

Diagnosis.—Condyloderes with 16 neck

placids of unequal width, 7 wide placids al-

ternating with 9 narrow ones, wide placids

with two anterior and two posterior sub-

marginal knobby projections, narrow pla-

cids with one knobby projection; each wide

placid incised at anterior margin to accom-

modate trichoscalid centered above it; mid-

dorsal, lateral and accessory lateral spines

pilose; lateral accessory, or cuspidate,

spines lanceolate, on segments 4, 7, 10 and

1 1 ; midterminal and lateral terminal spines

sparcely pilose; segments 4-11 with dis-

tinct spiny protuberances at base of mid-

dorsal spine, protuberances adjacent to deep

middorsal incision of posterior margin of

tergite; segment 13 with two dorsal and two

ventral terminal tubicolous papillae with

multi-papillate appearance at the top; tergal

and sternal plates with prominent pectinate

fringe at posterior margin.

Type material.—Holotype, adult male

(AVA-C-JAROl.C) (Figs. 2, 3A, B); allo-

type, female with mature oocytes (CM-A-
JAP-04.C) (Fig. 3C. D); paratypes (Fig.

4C)—four adult males and one juvenile of

undetermined sex; three adult males mount-

ed for SEM (Figs. 5, 6).

Etymology.—Named after the place

where it was discovered, i.e., in the vicinity

of the Seto Marine Biological Laboratory

of Kyoto University.
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Fig. 3. Condyloderes setoensis, allotypic female (CM-A-JAP-04.C). A, B, ventral view; C, D, dorsal view;
A, C, segments 2-5; B, D, segments 11-13. Scale bar: 50 |xm.

Description 19% of TL; MTS 93 jjim, 31% of TL; LTS
Holotype.—Adult male (AVA-CM- 180 ixm, 61% of TL.

JAP.Ol.C) (Figs. 2, 4A, B); TL 296 |xm; Tj/^e /oca/?fy.—Muddy sediment at depth
MSW 786 |xm, 29% of TL; SW 56 ^JLm, of 15-27 m, Tanabe Bay, Kii-Peninsula, pa-
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Fig. 4. Condyloderes setoensis. A, B, holotypic male; C, paratypic male (AVA-C-JAP-02.C); A, dorsal view

of whole specimen; B, C, segments 11—13. Scale bar; 30 |xm. Abbreviations: DS, dorsal spine: LTS. lateral

terminal spine; MA, midventral articulation; MTS, midterminal spine: PA, ventral pachycycli; SP, dorsal terminal

papilla; S, prefix followed by segment number.

cific coast of Honshu Island, Japan

(33°42.2'N and 135°22.9'E) (Fig. 1).

Segment 1: Head partially withdrawn;

posteriormost circlet of scalids composed of

14 trichoscalids.

ularized placids of unequal width, 7 wide

placids alternating with 9 narrow ones;

wide placids with two anterior and two pos-

terior submarginal knobby projections; nar-

row placids with one posterior knobby pro-

Segment 2: Neck, with 16 poorly cutic- jection; midventral placid widest, 14 |xm;
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Fig. 5. Condyloderes setoensis, male, SEM photographs. A, lateral view from left side; B, frontal view; C,

dorsal sensory papilla on segment 6; D, ventral sensory papilla on segment 9; E, dorsal terminal papilla on

segment 13. Scale bars: A, 50 |xm; B, 25 [x.m\ C-E, 1 jjim.
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Fig. 6. Condyloderes setoensis, male, SEM photographs. A, dorsal view of segments 2-5; B-C, base of

middorsal spines, spinose subdorsal protuberances adjacent to middorsal incision. Scale bars: A, 20 \x.nv. B, 5

(xm; C, 2.5 nm. Abbreviations: Dl, middorsal incision of posterior margin of tergite; DS, dorsal spine; LS.

lateral spine; MP, narrow middorsal placid; PF, pectinate fringe; PH, patch of closely set of hairs at base of

dorsal spine; PR, subdorsal spinose protuberance; S, prefix followed by segment number: WP, wide subdorsal

placid; arrows indicate sensory papillae, arrowheads indicate anterior and posterior knobby projections of placid.
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Other wide placids 11-13 |xm in width; nar-

row placids about 8 |xm in width, placids

adjacent to midventral placid slightly nar-

rower than other narrow placids, 5 m in

width; each wide placid incised at anterior

margin to accommodate trichoscalid cen-

tered above it; placids not closely adjacent

to each other, with narrow cuticular folds

between neighboring placids.

Segment 3: First trunk segment; length

21 fxm; anterior margin slightly concave

dorsally and ventrally, 99 |xm in width; pos-

terior margin with pectinate fringe inter-

rupted at ventral side; posterior margin

deeply incised middorsally; spacious dorsal

patch of closely set of hairs at base of mid-

dorsal spine; small patch of closely set of

hairs at base each lateral spine; middorsal

and lateral spines pilose; middorsal spine

31 |JLm, lateral spines 35 |xm; with one pair

of ventral and 3 pairs of dorsal sensory pa-

pillae.

Segment 4: Length 27 ixm; with two ven-

tral plates; maximum sternal width 66 |xm;

dorsal spine 34 ixm; lateral spines 30 [xm;

lateral accessory spines 18 jxm, slightly

dorsal to lateral spines, basal two-thirds lan-

ceolate, abrupty tapering, becoming filiform

distal one-third; small patch of closely set

of hairs at base of middorsal and lateral

spines; posterior margin deeply incised

middorsally, with pectinate fringe interrupt-

ed ventrally; with distinct spiny protuber-

ances at base of middorsal spine, protuber-

ances adjacent to middorsal incision of pos-

terior margin; with one pair of ventral, 3

pairs of dorsal sensory papillae and one ad-

ditional pair of papillae associated with

subdorsal protuberances at base of middor-

sal spine.

Segment 5: Length 30 [xm; maximum
sternal width 77 fxm; middorsal spine 37

|xm; lateral spines 30 [jim; similar to seg-

ment 4, except for lack of lateral accessory

spines; in contrast to segment 4 ventral in-

terruption of pectinate fringe more narrow,

tergal plate with only two pairs of sensory

papillae, without additional papillae asso-

ciated with subdorsal protuberances at base

of middorsal spine.

Segment 6: Length 32 |jLm; maximum
sternal width 80 ixm; middorsal spine 37

|jLm; lateral spines 32 ixm; similar to seg-

ment 5, except for presence of only one pair

of dorsal sensory papillae and one addition-

al pair associated with subdorsal protuber-

ances.

Segment 7: Length 30 |ji,m; maximum
sternal width 86 |xm; middorsal spine 37

|jLm; lateral spines 32 fjim, lateral accessory

spines 21 [xm; similar to segment 4, except

for presence of only two pairs of dorsal sen-

sory papillae; different from segment 4 in

having more narrow ventral interruption of

pectinate fringe.

Segment 8: Length 30 ixm; maximum
sternal width 85 [xm; middorsal spine 38

[xm; lateral spines 32 |xm; similar to seg-

ment 5, except for presence of more narrow

ventral interruption of pectinate fringe.

Segment 9: Length 30 |xm; maximum
sternal width 83 |xm; middorsal spine 40
|xm; lateral spines 32 (xm; similar to seg-

ment 8, except for lack of additional papil-

lae associated with subdorsal protuberances

at base of middorsal spine.

Segment 10: Length 34 |xm; maximum
sternal width 82 fxm; middorsal spine 42

|xm; lateral spines 32 |xm; lateral accessory

spines 24 |xm; similar to segment 7, except

for lack of one pair of dorsal sensory pa-

pillae.

Segment 11: Length 37 |xm; maximum
sternal width 77 |xm; middorsal spine 42

|xm; lateral spines 37 |xm; lateral accessory

spines 19 |xm; similar to segment 7.

Segment 12: Length 30 |xm; sternal

width 56 |xm; middorsal spine thin, 38 |xm;

two subdorsal spines thin, not pilose, 38 m;
without lateral accessory spines; with spa-

cious patch of closely set of hairs at base

of middorsal spine; without spinose sub-

dorsal protuberances at base of middorsal

spine; posterior margin of tergal plate in-

cised middorsally and subdorsally; with

pair of dorsal and pair of ventral sensory

papillae.
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Segment 13: Terminal segment, length

22 (xm; maximum sternal width 40 ixm,

midventral articulation underdeveloped;

midterminal spine (93 ixm) and lateral ter-

minal spines (180 |xm) sparcely pilose; with

pair of dorsal and pair of ventral tubicolous

papillae with terminal multi-papillate ap-

pearance.

Allotype.—Female with mature oocytes

(CM-A-JAP-04.C); neck placids with knob-

by projections, similar to that of male; TL
226 iJim; L-3 19 ixm, L-4 24 iJim, L-5 27

|xm, L-6 30 |JLm, L-7 30 |xm, L-8 30 iJim,

L-9 30 |xm, L-10 32 |xm, L-11 34 |xm, L-

12 30 [xm, L-13 19 [xm; anterior margin of

segment-3 75 |xm; MSW-4 72 |xm, MSW-5
75 |xm, MSW-6 77 |xm, MSW-7 78 |xm

(35% of TL), MSW-8 82 |xm, MSW-9 80

|jLm, MSW-10 77 jxm, MSW-11 70 ^JLm, SW
56 ixm (25% of TL), MSW-13 37 jxm; DS-
3 37 |xm, DS-4 38 ixm, DS-5 38 (xm, DS-
6 39 |xm, DS-7 40 jxm, DS-8 41 |xm, DS-
9 43 |xm, DS-10 45 ^xm, DS-1 1 48 |xm, DS-

12 56 |xm; LS-3 35 |xm, LS-4 34 |xm, LS-

5 34 jxm, LS-6 34 p^m, LS-7 34 |xm, LS-8

34 jxm, LS-9 35 ^xm, LS-10 35 |xm, LS-11

38 |xm, SD-12 48 jxm; LAS-4 16 txm, LAS-
7 18 |xm, LAS-10 24 |xm, LAS-11 18 |xm;

MTS 85 |xm (38% of TL); LTS 184 ^xm

(81% of TL).

Paratypes.—Four adult males (AVA-C-
JAP-02.C; AVA-C-JAP-03.C; AVA-C-JAP-
04.C; CM-A-JAP-Ol.C), juvenile of unde-

termined sex (CM-A-JAP-04.C). Adults:

TL 281-291 |xm; MSW-7 85-90 |xm, 29-

32% of TL; MSW-9 85-98 |xm, 29-34% of

TL; SW 57-62 ^xm, 20-22% of TL; MTS
77-93 jxm, 27-32% of TL; LTS 131-188

fxm, 46-67% of TL.

Sexual dimorphism.—Males of Condy-

loderes have no penile spines and sexes can

be recognized only by observation of go-

nads. Female differs from males in having

relatively longer MTS (38% of TL in fe-

male and 27-32% of TL in males) and LTS
(81% of TL in female and 46-67% in

males), different arrangement of dorsal sen-

sory papillae on segments 3-5, and position

of ventral terminal papillae displaced to

midventral line.

Remarks.—Only two species of the ge-

nus Condyloderes have been described to

date, i.e., C. paradoxus Higgins, 1969 from

Indian coast of Bengal Bay and C. multi-

spinosus (Mclntyre, 1962) Higgins 1969

from the North Sea (see Mclntyre 1962,

Higgins 1969). The most easily observed

features of Condyloderes setoensis that dis-

tinguish it from C. paradoxus are the ab-

sence of accessory lateral spines on seg-

ment 6 and the different arrangement of

knobby projections of neck placids. In con-

trast to the species from India, C. setoensis

possesses wide placids with only two an-

terior and two posterior knobby projections

of equal size, whereas the wide placids of

C. paradoxus have three posterior and three

anterior projections of unequal size. In ad-

dition, the narrow placids of C. setoensis

show only a single knobby projection situ-

ated posteriorly, whereas narrow placids of

the Indian species bear anterior and poste-

rior projections. Contrary to C. paradoxus,

C. setoensis has pilose dorsal, lateral and

lateral accessory spines. The adults of C.

setoensis are larger (TL of males 281-296

|xm) than those of C. paradoxus (TL of

males 216-264 |xm).

Similar to C. multispinosus, C. setoensis

shows the same number of lateral accessory

spines situated on segments 4, 7, 10 and 1 1.

Nevertheless, C. setoensis, new species, is

well distinguished from the European spe-

cies by the arrangement of knobby projec-

tions of the placids and by the size of the

accessory lateral spines. In contrast to the

C. setoensis, C. multispinosus has wide pla-

cids with three posterior and three anterior

projections and narrow placids with one an-

terior and one posterior projection. The spe-

cies from Europe possesses relatively short

ovoid lateral accessory spines. C. multise-

tosus also differs from C. setoensis in hav-

ing a non-interrupted ventral pectinate

fringe on segment 3. In addition, the adults

of C. multispinosus are obviously larger
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(TL 336—370 iJim) than those of C. setoen-

sis.

Both C. paradoxus and C. multispinosus

are distinguished from the C. setoensis by

having a well developed midventral articu-

lation between the sternal plates of segment

13.

One of the remarkable features of C. se-

toensis distinguishing it from both C. mul-

tisetosus and C. paradoxus is the presence

of two dorsal and two ventral tubicolous

terminal papillae on segment 13.

Condyloderes setoensis constitutes the

ninth genus of the Kinorhyncha known
from the Pacific ocean and the fifth genus

recorded in Japan.

Key to adults of Condyloderes

1. Lateral accessory spines (LAS) on seg-

ments 4, 6, 7, 10—11 . . C. paradoxus Hig-

gins, 1969

- Lateral accessory spines (LAS) on seg-

ments 4, 7, 10-11 2

2. Anterior margin of segment 3 protuber-

ant centrally on dorsal side; segment 13

with two ventral tubicolous terminal pa-

pillae; trunk length of adults 336—370

(Jim .... C. multispinosus (Mclntyre, 1962)

Higgins 1969

- Anterior margin of segment 3 even or

concave on dorsal side; segment 13 with

two ventral and two dorsal tubicolous

terminal papillae; trunk length of adults

226-291 fxm ... C. setoensis, new species
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A new species of Chrysogorgia (Anthozoa: Octocorallia)

from the Antarctic

Stephen D. Cairns

Department of Systematic Biology—Invertebrate Zoology, National Museum of Natural History,

Smithsonian Institution, Washington, D.C. 20560-0163, U.S.A.

Abstract.—A new species of Chrysogorgia, C. antarctica, is described from

the Ross Sea, Antarctica, representing the first chrysogorgiid described from

south of 50°S. It is distinguished by having only scales in its body wall and

tentacles (Group C), a dichotomously branching main stem with a 1/4R branch-

ing sequence, and uniquely shaped tentacular sclerites. Based on an extrapo-

lation of the height (and thus age) of the colony and the number of concentric

axial lamellae, it was determined that one lamella is secreted approximately

every 43 days, not on an annual basis as in tropical species that have been

examined.

Chrysogorgiids are widespread in the

world oceans at depths of 10-3375 m (see

Cairns 2001), but none of the approximate-

[ly 91 species has ever been reported from

the Antarctic (Keller & Pasternak 2001).

The farthest south any chrysogorgiid has

been reported is Chrysogorgia flexilis

(Wright & Studer, 1889) from off Isla Wel-

lington in the fjord region of southern Chile

at 49°24'S, 74°23'W. Thus, the discovery of

a robust specimen of an undescribed spe-

cies of Chrysogorgia from the Ross Sea

considerably extends the known range of

both the genus and family. Also, the large

size of the specimen allowed for an esti-

mation of its age and the periodicity of the

production of its concentric axial lamellae.

Methods

The SEM photomicrographs were taken

by the author using an AMRAY 1810 scan-

ning electron microscope in the SEM Lab-

oratory of the National Museum of Natural

History. Mineralogical analysis of the axis

and sclerites was done by standard X-ray

diffraction techniques using a Scintag X-

Ray Diffractometer with CuKa radiation, a

Peltier detector, and zero-background

quartz mounting plates.

The cross-section of the axis was pre-

pared for SEM by sanding with very fine

paper and then immersing the polished face

in Surgipath Decalcifier I Solution for 45

seconds.

Subclass Octocorallia

Order Alcyonacea

Suborder Calcaxonia

Family Chrysogorgiidae Verrill, 1883

Chrysogorgia antarctica, new species

Figs. 1-3

Description.—The type material consists

of a large colony and several dozen smaller

branches, presumably fragments of the

same colony. The colony consists of a main

stem 23 cm in height and 5.94 X 5.41 mm
in diameter at its broken base, the holdfast

not being present. A cross-section through

the base reveals approximately 277 smooth,

concentric lamellae, occurring at an average

distance of every 10.7 |xm. These smooth

lamellae become slightly undulating near

the surface of the axis, resulting in shallow

longitudinal grooves on the surface of the

axis. At a height of 7 cm the main stem
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Fig. 1. Chrysogorgia antarctica, holotype, USNM 82103. A, F, G, distal branches, the base of Fig. F showing

the spiral (1/4R) branching sequence, XO.91, 1.25, 1.20, respectively: B, two polyps, X5.8; C, distal branch

bearing nematozooids, xl9; D, the main stem, XO.71; E, smaller-diameter stem, X4.4.
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bifurcates, the angle between the two re-

sulting secondary stems being only 20°; at

a colony height of 19 cm (and stem diam-

eter of 3.1 mm) both of these stems also

bifurcate, resulting in four stems. Based on

the numerous broken branches it would ap-

pear that another two or three generations

of dichotomous stem branching occurs. The

thick, lower stems are straight (not cork-

screw or spiral in shape, as in most chry-

sogorgiids), bearing short, often broken, di-

chotomously branching side branches that

are rarely more than 1 cm (or two inter-

nodes) in length. These short side branches

do not bear polyps, and those in the vicinity

of the first stem bifurcation anastomose

with the other secondary stem, producing a

semi-enclosed cavity for a polychaete worm
tube. The branching sequence of these short

branches from the thick main stems is not

clear. However, the upper, more slender

stems, near and above the second stem bi-

furcation, ascend in a spiral corkscrew man-

ner which is more typical of the genus, and

the branching sequence is predominantly 1/

4R, each successive branch originating

from the stem being offset by 90° to the

right (viewed from above) from the preced-

ing, resulting in roughly four longitudinal

rows of branches. The 1/4R branching se-

quence is not as clear-cur as in most other

congenerics, but is the predominant pattern.

The distance between branches is 2.0-2.5

mm, resulting in an orthostiche interval be-

tween aligned branches of 7-10 mm. The
dichotomously branched side branches in

the distal portion of the colony are bushy

and often anastomose with one another,

have up to 17 nodes, and are up to 60—65

mm in length. The intemodes are 1-3 mm
in length, but the slender (0.1 mm in di-

ameter) terminal twigs may be up to 10 mm
in length. Branching is highly asymmetric,

usually only one intemode of each dichot-

omy continuing to branch again. The stems

and branches have a golden-yellow luster.

Polyps are sparse, occurring predominantly

on the terminal twigs: usually one occurs at

the tip of each terminal twig, sometimes

two occur on the terminal twig, and rarely

three polyps will occur on a long terminal

twig. Rarely a polyp will also occur at the

node that leads to a terminal twig.

Polyps are elongate and cylindrical, the

distalmost polyp on a twig up to 2.7 mm in

height and 1.2 mm in diameter, whereas

more proximal polyps are usually smaller,

about half this size. The base of some pol-

yps is slightly enlarged into a brood cham-

ber, containing 6-8 yellow developing oo-

cytes, each about 0.35 mm in diameter.

All sclerites are unornamented (smooth)

scales with extremely finely serrated edges,

their size and shape differing slightly within

the colony. The edge serration is more of a

pleating than a true serration, each small

ridge being oriented perpendicular to the

sclerite edge and only 2.5-3.0 ixm apart

(Fig. 2A, right). Coenenchymal sclerites

consist of small, elliptical scales 0.10-0.13

mm in length and 0.025-0.040 mm in

width, the smaller value of the width cor-

responding to the medial constriction. The
coenenchyme of both stems and branches is

covered by numerous, closely-spaced cnidal

papillae (nematozooids), each 0.15-0.20

mm in diameter and height. The sclerites of

the brood chamber and/or polyp wall are

larger and broader scales, 0.27—0.37 mm in

length and 0.07-0.12 mm in width, also

usually slightly medially constricted, the

lower value of the width corresponding to

the constriction. They are transversely to

obliquely arranged on the body wall and

slightly overlapping. The base of each of

the eight tentacles contains a conspicuous,

elongate, biconvex region devoid of scler-

ites, about 0.5 mm long and 0.1 mm wide,

which allows for unimpeded outfolding of

tentacles when expanded (Bayer & Stefani

1988). Each naked region is flanked by a

pair of elongate, longitudinally-arranged

scales up to 0.48 mm in length, one end

being slender (0.05 mm) and rounded, the

other end wider (up to 0.12 mm), thicker,

and angular in shape (Fig. 2E). There is no

edge serration on these sclerites. The nar-

row portion of these sclerites is quite thin
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Fig. 2. Chrysogorgia antarctica, sclerites from holotype. A, five scales from body wall, and enlargement of

pleated edge (at right), B, five coenenchymal scales; C, four scales from distal tentacles; D, two pinnular scales;

E, inner and outer views (left and right images, respectively) of a pair of scales adjacent to naked region at base

of each tentacle.



VOLUME 115, NUMBER 1 221

Fig. 3. Chrysogorgia antarctica, holotype. A, B, cross-section of base of large stem, showing concentric

banding of axial lamellae. Scale bar in both images is 100 \x.m.

(about 0.012 mm), the wider end, which is

arranged in the proximal position of the ten-

tacle, is thicker, and is slightly convex on

its outer surface and slightly concave on its

inner surface. The remainder of each ten-

tacle is covered with roughly rectangular to

ellipsoidal scales 0.12-0.17 mm in length

and 0.04-0.05 rrmi in width; pinnular scales

are equal in length, but medially constrict-

ed, reduced to a medial width of 0.022-

0.025 mm.
The mineralogical composition of the

axis is Mg-calcite (9.7 mole % MgC03),
which is similar to values obtained for two

other chrysogorgiids by Bayer & Maclntrye

(2001). There was no holdfast available to

analyze, but the composition of the sclerites

was also Mg-calcite (9.1 mole % MgC03),
which is consistent with the polymorph

found in all octocoral sclerites samples to

date (Bayer & Macintrye 2001).

Discussion.—Chrysogorgia is one of the

most speciose of the approximately 280 al-

cyonacean genera, its 60 species (see Cairns

2001) ranking it as seventh or eighth in spe-

cies richness. Versluys (1902) facilitated

comparison among species by dividing the

genera into three groups based on the type

of sclerites in the body wall and tentacles.

C. antarctica clearly falls within Group C,

also called the "Squamosae typicae," its 15

species being characterized by having only

scales (no rods or spindles) in both body
wall and tentacles. Versluys further subdi-

vided this group into subgroupings based

on branching sequence, i.e., 1/3L, 1/4L, and

2/5L. C. antarctica has a branching se-

quence of 1/4R, which distinguishes it from

all other species in its group. Several spe-

cies in Group B have a 1/4R branching se-

quence (see Cairns 2001), but species in

that group are characterized by having rods

and/or spindles in their tentacles. C. an-

tarctica also appears to be unique in the

repeated dichotomous branching of its main

stem, and in the unique shape of the ten-

tacular scales that border the naked region.

And, although not unique to C. antarctica,

the presence of branch nematozooids is rare

in this genus.

The concentric axial lamellae are as-

sumed to be laid down with temporal reg-

ularity, but the time interval between each

lamella can only be speculated. The growth

rate of only one chrysogorgiid, C. agassizH,

has been measured by repeated in situ ob-

servations (Vinogradova 2000). He found

its annual growth in height to be about one

cm. The holotype of C. antarctica is 23 cm
in height but was probably at least another

10 cm taller if its distal branches were in-

tact, resulting in an estimated height of 33

cm and a hypothetical age of 33 years. SEM
of a polished and partially decalcified cross-

section through the base of the axis (Fig. 3)

shows that the width of a calcified growth

band between lamellae varies from 5.2 to

15.5 (xm, averaging 10.74 [xm (a = 2.92).
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If the greater radius of the axial stem is 2.97

mm, then approximately 277 growth bands

could be expected to be present; these

bands and thinner darker lamellae are visi-

ble even with a dissecting microscope at

X50. Using these approximations, this

number of growth bands laid down over 33

years would yield an average increment of

one band every 43.5 days, or a range of

31.8 to 55.5 days if the range of the stan-

dard deviation is used. This roughly lunar

periodicity is quite different from the an-

nual banding found in shallow-water plex-

aurid species (Grigg 1974, Opresko 1974).

Etymology.—Named for the general re-

gion from which the type was collected.

Material examined.—One colony in nu-

merous fragments (holotype), Eltanin 27-

1901, USNM 82103. Type locality:

76°30'S, 174°54'E (off Cape Crozier, west-

ern Ross Sea, Antarctica), 445-448 m, 20

Jan 1967.

Distribution.—Known only from the

type-locality.
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New records for the sponge fauna (Porifera: Demospongiae) of the

Pacific coast of Mexico (eastern Pacific Ocean)

Patricia Gomez, Jose Luis Carballo, Laura E. Vazquez, and Jose Antonio Cruz

(PG, LEV) Institute de Ciencias del Mar y Limnologia, UNAM Circuito exterior s/n, C.P. 04510,

Mexico, D. F., Mexico; (JLC, JAC) Laboratorio de Ecologia del Bentos, Instituto de Ciencias del
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Abstract.—Some sponge species of Demospongiae hitherto known only from

the northeastern East Pacific (Penares cortius, Penares saccharis, Higginsia

higginissima) or from the West and Central Pacific (Adocia turquoisia, and

Chelonaplysilla violacea) are reported for the first time from the Pacific coast

of Mexico. Moreover, the species Pseudaxinella mexicana and Cyamon catal-

ina are proposed to be transferred to the genera Axinella and Trikentrion, re-

spectively, by the lack of the axial condensation typical of the genus Axinella

in the former, and by the presence of sagittal triads, oxeas, rhaphides as mi-

croscleres in the latter. These records are redescribed on the basis of obser-

vations of new material. In addition, an identification key for all species of

Penares in the Eastern Pacific Ocean is provided.

The sponge fauna of the Mexican Pacific

coast is one of the least studied of the East

Pacific Ocean (de Laubenfels 1935, Dick-

inson 1945). In fact, we can consider the

East Pacific fauna as one of the least known
of the world (de Laubenfels 1950, 1954,

1961; Bergquist 1967) if we compare it

with other areas such as the Caribbean Sea,

Mediterranean Sea or the northeastern At-

lantic Ocean. Before the 1950s, the registers

of sponges in this area are fragmented in

several expeditions such as S. Alert (Ridley

1881), H.M.S. Challenger (Ridley & Den-

dy 1887) and Albatross (Lendenfeld 1889,

Wilson 1904). Later, some studies on the

sponges of this region were done, mainly

on the coasts of Canada (Lambe 1893,

1895, 1900) and U.S.A. (de Laubenfels

1930, 1932; Bakus 1966, Ristau 1978, Sim
& Bakus 1986, Bakus & Green 1987), and

to a lesser degree in Mexico (de Laubenfels

1935, Dickinson 1945, Hofknecht 1978).

Until fairly recently (Green & Gomez 1986,

Gomez & Bakus 1992, Gomez 1998, Sara

et al. 2001, Carballo & Gomez 2001), little

was known about species composition, di-

versity, ecology and other characteristics of

the littoral sponge fauna from this zone.

This work is part of a larger investigation

on the littoral sponges in the Mexican Pa-

cific coast.

Materials and Methods

The method of collecting sponges and

the environmental conditions are described

in Sara et al. (2001). Scanning electron mi-

croscopy (SEM) and spicule preparation

followed the techniques described by Go-

mez (1998) and Carballo (1994), respec-

tively. Spicule dimensions are based on 20

measurements from each spicule type, with

means given between parentheses. Sponge

material and spicule slides have been de-

posited in the Coleccion Nacional del Phy-

lum Porifera Gerardo Green of the Instituto

de Ciencias del Mar y Limnologia, UNAM,
Mexico D. E (CNPGG), and, in the sponge

collection of the Laboratorio de Ecologia

del Bentos of the Instituto de Ciencias del

Mar y Limnologia, UNAM, in Mazatlan,

Mexico (LEB-ICML-UNAM).
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Fig. I. Penares cortius de Laubenfels, 1930. A) Specimen 12 cm long, B) Several dichotriaene. C) Micror-

habd, D) Oxyasters II, E) Oxyasters I. Scale bars: B) 150 |xm, C) 15 (xm; D), E) 3.2 ixm.

Results

Class Demospongiae
Order Astrophorida Levi, 1973

Family Ancorinidae Schmidt, 1870

Genus Penares Gray, 1867

Penares cortius de Laubenfels, 1930

Fig. 1, Table 1

Penares cortius de Laubenfels, 1930:26,

1932:36, fig. 15.—Dickinson, 1945:40,

pi. 76-77.—Sim & Bakus, 1986:21.—
Bakus & Green, 1987:83.

Material examined.—CNPGG-0018,
Guerrero, 16°15'24"N, 98°40'00"W. 15 Apr

1982, adhered to hydrozoans at 45 m depth.

Description.—Massive, with numerous

lobes, 12 by 7 by 6 cm long, wide, and

thick. Beige color alive with some dark

brown tinges, lighter almost white in spirit.

Consistency firm, slightly compressible but

brittle. Surface minutely punctiform,

smooth to the naked eye, rough to the

touch. The oscules are located at the sides

of the lobes, 2 to 3 mm in diameter.



VOLUME 1 15, NUMBER 1 225

o,

B
o
U

ss

I I I 1 I C/l CO «
ON oi vo >n ^X) X) ^

r^ - < < <

"V 1
in

1

c^
x

ON
1

00
1

(T)

en
IT)

en X o
On

m V) ^^
1 (N

K o X X X (N X
o o OJ o o V-)

X o
VO -* T 1

oo

00 VD ^ O en
'—

<

'—

1

r^ ^- '—

•

'—

'

V '—

'

1 1 CN 1 1 1 1 1O o K ^ o V~i <N 00
lO 00 )—

4

>n NO en CNl en

NO

T
X X
o (^1
es
t
ON

1-^

NO

2 ^

ooo

Ioo

Io

o
ON
ON

Io
NO

ON
<n

I

"1

X
NO
>n
00

00
ON

I

00
NO en ^
en -<

I

O (N

o om 00
CNi r^

Io
(N

^Po

7 I ^
l> "1 <~^ ON
•^ >-- X I

[-^ en ><

00
I

en X
X Oo

(N
ON U "

I
1 ^

I

I

I NO ^ I

rs ^ 2 -=< 2 00
NO ^C ^ _ ^ N£)
'^ in —

.

^

+1 s

o c 2
(N

IO

O Si

(N J X =-

in E

c o
cd O
00 (N

o
tN
en

en cN oo* en NO
1 ^ I,

f:; X 'C! X

7to oO (N
On en

oo

< c < <
C/D ig Vi C/3

D
13
U
D D

2 5 2
'c

O
'S 'S

,o ,o ,o

73 3 "cS
"^ ~

C/5

D
S.2 OM C 00
<a b t3

N&^ Nffi

w

-= c -3

u o u u u o u a u a

r-
ON ^
ON CO

O
CO

cn

O ^
o C/2

t^ en

X
3
O
>.
U
3
tr
CO

Q

Uh
o
en
On" lO

=« ON

NO
00
ON

CO

3

PQ

00
On

C

O

CO

O
O
Si

o
ON

c

ON

CO

c

3
ca

CO

T3u
O
o
u

c
<u

X
3
O

U
3
a*
CO

Q
i .5 c

o
CO

1
0-

Co

S

a Q
t-3 t^ c-3

i
,c<i ,co .Co

a
'1

•3 -S .s .s .3 -s; -s -«
*2 *s *cs

*^ cs S^ o o o ;j r-
!>. 1> 1~ !^ i^ o (J (J 'S ON
Q O o O C) a a a S- OnO (J CJ o o •s, ^ >i Co «

I Q^ a; (^ a, a.



226 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Spicules.—Dichotriaene: rhabds 792—
(962)-1268 by 45-(52.5)-60 jjim, clads

142-(210)-228 by 21-(34)-49.5 |xm,

smaller modified dichotriaenes are present

but possibly are transitional forms; oxeas

fusiform: 984-(l 153)-1856 by 7.5-(33)-59

|xm; oxyaster I: with 10 or more spined

rays: 7.5-(9)-12 ixm in diameter, oxyaster

II: with 6 to 8 finely rugose rays: 15—(18)-

21 |xm in diameter; microrhabds smooth,

microxeas, very few centrotylote, and few

tending to strongyle: 54-(124)-180 by 3-

(4.7)-9 iJim.

Skeleton.—The dichotriaena rhabds are

perpendiculair to the surface, and aligned in

rows like a stratified layer, due to the sev-

eral aligned cladomes at different levels,

and shafts directed inwards as they traverse

the body. Cladomes are parallel to the sur-

face with the rays interlaced with each oth-

er, on top of them lies a subisodyctial retic-

ulation of small oxeas. The cortex is 500-

900 fjim thick.

Distribution.—California (USA) (de

Laubenfels 1930, 1932); Gulf of California

(Mexico) (Dickinson 1945); East coast of

Canada to Southern California (USA) In-

tertidal to 160 m (Sim & Bakus 1986, Bak-

us & Green 1987).

Remarks.—This is the southeastern-most

record up to date for P. cortius. Our spec-

imens present triaenas and oxeas larger than

those found in the localities further north;

however, this could be due to different en-

vironmental conditions where the different

specimens were collected, i.e., tropical ver-

sus cold waters (Canada and Gulf of Cali-

fornia) or differences in depth (Table 1).

Moreover, we observed microxeas which
had not been described in the species pre-

viously. Penares cortius displays consider-

able variation in some spicules; specimens

with two oxyaster categories have been de-

scribed (Bakus & Green 1987), which can

reach up to 40 |xm (Sim & Bakus 1986).

Penares saccharis (de Laubenfels, 1930)

Fig. 2, Table 1

Papyrula saccharis de Laubenfels, 1930:

26, 1932:37, fig. 16.

Penares saccharis sensu Desqueyroux-
Faiindez & Van Soest, 1997:394, fig. 21-

26.

Material examined.—CNPGG-0020,
Guerrero, 16°47'N, 99°54'W, 13 Feb 1982,

30 m depth, sand bottom. CNPGG-0021,
Guerrero, 16°13'24"N, 98°44'36"W, 16 Feb

1982, 45 m depth, sand-mud bottom.

CNPGG-0022, Guerrero, 16°15'24"N,

98°40'00"W, 15 Apr 1982, 45 m depth, sand

bottom. Adhered to calcareous fragments.

Description.—Massive to encrusting

with small lobules, spreading 25 to 60 mm
long, 15 to 35 mm wide, 9 to 20 mm thick.

Mustard yellow alive, dark brown in spirit,

pale yellow in dry state. Consistency slight-

ly compressible, soft. Surface smooth with

hispid areas, oscules dispersed 500 [xm to 2

mm in diameter. Oval pores regularly dis-

tributed measure 19 by 48 to 19 by 90 |xm.

Spicules.—Dichotriaene: rhabds 120-

(180)-257 by 17-(26)-35 |xm, clads 130-

(200)-297 by 13-(29)-43 |xm, some have

modified cladomes; oxeas large and fusi-

form: 516-(744)-1000 by 17-(23.7)-36

(xm, several modified to styles; oxeas small

some bicurvates: 1 16-(171)-217 by 7.5—

(10)-13 (Jim; microrhabds: smooth, straight,

and bent twice, some centrotylotes, 38-

(60)-130 by 2.5-(3.7)-5 ixm. No asters

found.

Skeleton.—A cortex 60 to 150 ixm thick

is carried out by the cladomes of dichotria-

enes over which microxeas lay down tan-

gentially to the surface without a homoge-

neous pattern. The choanosomal skeleton

consists of a radial palisade of oxeas, styles

(modified oxeas), and dichotriaene rhabds.

Distribution.—East Pacific Ocean: Cali-

fornia (USA) (de Laubenfels 1932); Islas

Galapagos (Ecuador) (Desqueyroux-Faiin-

dez & Van Soest 1997).

Remarks.—In general terms, our speci-

mens are quite similar to those from upper

California and the Galapagos. The two cat-

egory sizes of oxeas observed by Desquey-

roux-Faundez & Van Soest (1997) are also

found in all of our specimens (Table 1).
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Fig. 2. Penares saccharis (de Laubenfels, 1930). A) Specimen 4.5 cm long, B) Dichotriaene, different

categories of oxeas, and microhabds, C) Different categories of oxeas. Scale bars: B) 100 |xm, C) 60 jim.
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Compared with the preceding P. cortius, P.

saccharis differs in the absence of oxyas-

ters, the dichotriaene rhabdome is shorter

than in P. cortius (180 |xm vs. 960 [xm), and

the shape of the two is clearly different

Key to species of Penares from the

Eastern Pacific

1. The rhabdome of the triaena is notori-

ously larger in size than the overall size

of the cladome, asters are present 2

1

.

The rhabdome of the triaena is similar in

size to the overall size of the cladome,

asters are absent P. saccharis

2. Smooth microrhabd, without small oxeas

3

2. Rugose and/or microspined microrhabd,

small oxeas present 4

3. Robust triaena's rhabdomes (140 ixm

thick), with a single category of asters

P. foliaformis

3. Thinner triaena's rhabdome (50 [jum thick

in average), with a two size category of

asters P. cortius

4. Two size categories of microrhabds, the

small oxeas have microspined apices . .

P. apicospinatus

4. Three size categories of microrhabds, the

small oxeas are smooth P. scabiosus

Discussion of the Genus Penares

There are five distinct Penares species

recorded along the Eastern Pacific: P. cor-

tius de Laubenfels, 1930, and P. saccharis

(de Laubenfels, 1930 as Papyrula) from up-

per California and the Gulf of California;

P. foliaformis Wilson, 1904; P. apicospi-

natus Desqueyruox-Faiindez & Van Soest,

1997, and P. scabiosus Desqueyruox-Faiin-

dez & Van Soest, 1997 from the Galapagos.

They all have markedly different charac-

ters: P. foliaformis has an irregular leaf

shape of the triaena's cladomes, a very

thick rhabd (140 jim), and a single category

of oxyasters with smooth rays, P saccharis

has the triaena's rhabdome similar in size

to the cladome's overall size, and no ox-

yasters, P. apicospinatus has microspined

apices on the small oxeas, microspined mi-

crorhabds, P. scabiosus has three size cat-

egories of microrhabds, a very small one

measuring 15 |xm and P. cortius typically

presents smooth microrhabds instead of mi-

croxeas. However, our specimens also have

microxeas and two size categories of ox-

yasters not described by other authors (Ta-

ble 1).

Order Halichondriida Levi, 1973

Family Desmoxyidae Kallmann, 1917

Genus Higginsia Higgin, 1877

Higginsia higginissima Dickinson, 1945

Fig. 3

Higginsia higginissima Dickinson, 1945:

28, pi. 49-51.

Material examined.—CNPGG 0023,

Guerrero, 16°13'24"N, 98°44'36"W, 16 Feb

1982, 45 m depth, sand-muddy bottom.

Description.—Ramose sponge, stocklike

growth, peduncle and branches have a

height of 8 cm by 3 to 5 cm wide, single

branches are 0.5 to 1 .5 cm in diameter. Col-

or is bright orange alive, pale brown in spir-

it. Consistency slightly compressible, car-

tilaginous. Surface lumpy and slightly his-

pid, densely covered with detritus; lumps

measure 1.5-4.5 mm in diameter, the os-

cules are located on top of some lumps

300-600 jjim in diameter. Microscopic

pores 12-31 jxm in diameter are observed

when excess detritus is removed.

Spicules.—Oxeas I, hastate and curved:

431-(506)-619 by 15-(32)-43.5 ^JLm; oxeas

II thinner, fusiform: 396-(577)-680.5 by 6-

(ll)-25 [Jim; two categories of curved

styles: 381-(387)-458 by 5-(10)-14 jjim

and 498-(529)-696 by 25-(30)-39 ixm; mi-

croscleres: smooth, angulated, centrotylote

microxeas: 33-(91)-113 by 0.7-(2.7)-4.5

|jLm and acanthomicroxeas sometimes cen-

trotylote, angulated or sti-aight: 73-(103)-

147 by 4-(5.4)-7 |xm.

Skeleton.—Cortex not detachable, consti-

tuted by a gross layer of detritus, less than

1 mm in thickness, 475 [x.m on average. The
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Fig. 3. Higginsia higginissima Dickinson, 1945. Specimen 8 cm in height.

choanosomal skeleton is an ill-defined plu-

moreticulation with vague pseudoplumose

spicule tracts, microscleres are more evi-

dent here than in the ectosomal layer.

Distribution.—Gulf of California (Mex-

ico) (Dickinson 1945). Abundant on subti-

dal rocky shores (Hofknecht 1978). This is

the southernmost record for H. higginissima

in Mexican waters and the third description

along the East Pacific.

Remarks.—Higginsia higginissima is

well characterized by its general shape.

However, Dickinson's photograph is mis-

leading as no stocklike growth is evident.

There are two size categories of megascler-

es. Microscleres are microxeas, or micros-

trongyles, centrotylote or not, angulated or

straight.

Family Axinellidae Ridley & Dendy, 1887

Genus Pseudaxinella Schmidt, 1875

Pseudaxinella mexicana (de Laubenfels,

1935), new combination

Fig. 4

Axinella mexicana de Laubenfels, 1935:

6.—Dickinson, 1945:27

Material examined.—289-LEB-ICML-
UNAM, Isla el Leon Echado (Guaymas,

Sonora), 27°55'34"N, 110°57'12"W, 6 Nov
2000, 17 m depth. 318-LEB-ICML-
UNAM, Isla del Peruano (Guaymas, So-

nora), 27°54'35"N, 110°58'17"W, 3 Nov
2000, 15 m depth. 331-LEB-ICML-
UNAM, Isla Tiburdn (Kino, Sonora),

28°46'14"N, 112°23'09"W, 27 Apr 2001, 13

m depth.



230 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

200 ^.m

Fig. 4. Pseudaxinella mexicana (de Laubenfels, 1935). A) Spicules (style, oxeas), B) Diagram of the pe-

ripheral skeleton.

Description.—Thickly encrusting sponge

(0.5 to 1.5 cm thick), covering a maximum
area of 11 by 6 cm. Bright orange in life,

and beige in alcohol. Oscules conspicuous,

0.6-2 cm apart, circular or oval 1.4-(2.5)-

5.1 mm in diameter, either flush or slightly

elevated (0.75-3 mm high). The consisten-

cy is firm and crumbly, fragile in dry, it

crumbles easily. The surface is hispid under

the stereo microscope. Ectosome not de-

tachable, with ostia 200-580 jjim wide, reg-

ularly distributed. Choanosome with canals

of 0.87-1.38 mm in diameter

Spicules.—Curved oxeas with asymmet-
ric ends, 110-(368)-480 by 7-(18)-29 jjim.

Styles, slightly curved in the rounded end,

190-(315.5)-410 by 8-(16.1)-30 ^JLm.

Skeleton.—Skeletal architecture is char-

acterized by parallel and plumose, anasto-

mosing, ascending spicule tracts 100-

(205)-250 |xm thick, which can protrude

the surface. The spicule tracts are pauci-

multispicular, forming meshes with an am-
plitude of 250-(358)-500 jjtm. Without any

axial condensation.

Distribution.—Gulf of California (Mex-

ico) (de Laubenfels 1935), Isla Partida

(Gulf of California) (Dickinson 1945). On
rocks at 15—17 m depth.

Remarks.—The material studied is con-

specific with the sponge described by de

Laubenfels (1935) and Dickinson (1945) as

Axinella mexicana. It is a very character-

istic encrusting species with oxeas larger

than the styles. The species has a skeleton

formed by plumose and parallel tracts of

oxeas and styles, but because of the lack of

the axial condensation typical of the genus

Axinella we propose to assign it to the ge-

nus Pseudaxinella.

Order Poecilosclerida Topsent, 1928

Family Raspailiidae Hentschel, 1923

Genus Trikentrion Ehlers, 1870

Trikentrion catalina (Sim & Bakus, 1986),

new combination

Fig. 5

Cyamon catalina Sim & Bakus, 1986:18,

20-21. fig. 4.
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Fig. 5. Trikentrion catalina (Sim & Bakus, 1986). A) Specimen 9 cm in height, 11 cm wide, B) Sagittal

triacts, with round and acute points, C) Detail of the spined ray; styles and rhaphides can be observed. Scale

bars: B) 45 jjim, C) 15 jjim.

Material examined.—Holotype USNM
33631 off east Bird Rock, Santa Catalina

Island, California, 33°27'N, 118°29'W.

CNPGG-0024, Guerrero, 16°13'24"N, 98°

44'36"W, 16 Feb 1982, sand muddy bottom

45 m depth. CNPGG-0025, Guerrero, 16°

15'24"N, 98°40'00"W, 15 Apr 1982, sandy

bottom 45 m depth. CNPGG-0026, Nayarit,

2r43'48"N, 105°36'36"W, 8 Jan 1983,

muddy-clay bottom 94 m depth. CNPGG-
0027, Nayarit, 21°21'N, 105°26'06"W, 9 Jan

1983, sandy bottom 44 m depth. CNPGG-
0028, Nayarit, 22°20'06"N, 105°45'30"W, 8

Jan 1983, muddy-sand bottom 14 m depth.

Description.—Foliaceous and elongated

branches in a treelike shape, sustained by a

peduncle (2—6 mm in diameter, 2.5 cm
long). Branches may bifurcate but never

anastomose (3-12 mm wide by 2-4 mm
thick), 2 to 28 in number in one peduncle,

total height is 5.5-11 cm, 1.5-12 cm wide.

Color is red alive, beige with light brown

tinges in spirit. Consistency: firm, easily

bends to some extent. Surface strongly his-

pid due to projecting spicules 2 mm outside

the surface, giving a velvety appearance.

Oscules disposed along the branches 200-

500 |JLm in diameter.

Spicules.—Thin styles with no differenc-

es between the smaller and the larger size;

measurements: 593-(876)-3800 by 6-(10)-

20 |jLm; oxeas hastate 1 1 1-256 by 5-18 |xm
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some tending to styles but different than the

first ones; sagittal triads with one spined

ray, generally equidistant in shape, rays in

the ectosome measure: 84-(152)-216 by

20-(26.6)-30 [im, rays in the choanosome:

67-(87.5)-136 long by ll-(18)-26 jjim,

some smaller rays 37-50 ixm occur in the

choanosome; rhaphides in trichodragmata:

40-(70)-78 long by 12-(14)-16 jjim wide.

Skeleton.—The choanosomal skeleton is

made of condensed armoured columns of

triacts from which extra axial plumose

tracts project through to the surface, these

are 60 to 120 |xm in diameter composed of

thin styles. No specialized ectosomal skel-

eton is present.

Distribution.—Upper California (USA)
46 to 50 m depth (Sim & Bakus 1986). This

is the first record of Trikentrion catalina in

Mexico.

Remarks.—The present species has been

allocated to Trikentrion instead of Cyamon
because of the presence of sagittal triacts,

oxeas, rhaphides as microscleres, and a

branching growth form, as well as the ar-

rangement of the extra-axial skeleton of

plume-reticulate fibers with long projecting

styles embedded in the peripheral fibers,

each surrounded by brushes of thin styles

forming the specialized raspailiid skeleton.

These characters are different from Cy-

amon, which is characterized by sagittal te-

tracts or pentacts, no oxeas, nor microscler-

es, encrusting or massive growth forms, and

a basal layer with plumose tracts of long

thick styles standing erect, as well as an ex-

tra-axial skeleton with a few long thin

styles also projecting (Hooper 1991). More-
over, Trikentrion has only one spined ray,

and Cyamon has three. The description of

our specimen matches well with the holo-

type of Cyamon catalina Sim & Bakus,

1986; the only difference is in the flabelli-

form shape, which is continuous in the ho-

lotype, but separate in our specimens. It is

worth mentioning that the presence of ox-

eas and rhaphides arranged in trichodrag-

mata is not mentioned by Sim & Bakus

(1986).

Order Haplosclerida Topsent, 1928

Family Chalinidae Gray, 1867

Genus Adocia Gray, 1867

Adocia turquoisia de Laubenfels, 1954

Fig. 6

Material examined.—2-LEB-ICML-
UNAM, Cerritos (Mazadan), 23°18'27"N,

106°29'25"W, 31 Nov 1997, 3 m depth. 28-

LEB-ICML-UNAM, Punta Chile (Maza-

tlan), 23°12'29"N, 106°25'40"W, 10/24/

1999, intertidal. 33-LEB-ICML-UNAM,
Isla Venados (Mazatlan, Sinaloa), 23°10'

15"N, 106°26'42"W, 25 Oct 1999, intertidal.

37-LEB-ICML-UNAM, Isla Lobos (Maza-

tlan, Sinaloa), 23°13'49"N, 106°27'43"W,

25 Oct 1999, 3 m depth. 46-LEB-ICML-
UNAM, Cerritos (Mazadan), 27 Oct 1999,

intertidal, between Caulerpa racemosa.

109-LEB-ICML-UNAM, Marina del Cid

(Mazatlan), 23°10'09"N, 106°25'44"W, 27

Nov 1999, 4 m depth. 1 1 8-LEB-ICML-
UNAM, Cerritos (Mazatlan), 18 Feb 2000,

intertidal. 1 33-LEB-ICML-UNAM, 17 Feb

2000, Isla Lobos (Mazatlan), intertidal.

330-LEB-ICML-UNAM, 23 Jan 2001, Los

Arcos (Puerto Vallarta, Jalisco), 20°32'

05"N, 105°18'04"W, intertidal, between red

seaweeds. 383-LEB-ICML-UNAM, Puente

de la Ventana (Manzanillo, Colima), 19°

02'08"N, 104°20'34"W, 15 Nov 2001, 2 m
depth. 384-LEB-ICML-UNAM, Peninsula

de Santiago (La Boquita, Manzanillo, Co-

lima), 19°05'41"N, 104°25'22"W, 16 Nov
2001, 4 m depth, on rocks.

Description.—Encrusting to semi-en-

crusting sponge (0.5 to 1.7 mm thick),

spreading over rocky substrate covering ar-

eas of 2 by 2.3 to 19 by 20 cm. It may also

grow out to patches up to 40 cm in diam-

eter. Some specimens have small vertical

projections 0.5-2.7 mm high rising from

the base. In calm water specimens ramose

in shape have been found, up to 18 cm high

and 2.8 to 7 mm thick. In these specimens

small digitations frequently branch off from

the main body of the sponge. Color green

or bluish-green. The color disappears com-

pletely in spirit. The surface is punctate.
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Fig. 6. Adocia turquoisia de Laubenfels, 1954. A) Oxea, B) Tangential view of ectosomal skeleton, C)

Choanosomal skeleton in encrusting specimens, D) Choanosomal skeleton in ramose specimens. Same scale for

B, C, D.

smooth, slightly shaggy in some places,

with subectosomal spaces 25 to 900 |xm in

diameter. Ectosome not easily detachable.

The oscules may be flush with the surface

or be situated at the summits of chimney-

shaped elevations. They are about 400 |xm

to 5 mm in diameter. The sponge is soft,

somewhat elastic when living, and fragile.

Spicules.—Slightly curved oxeas, with

asymmetric tips, sometimes with a rounded

end: 62.5-(93.0)-120 by 2.5-(4)-6.3 |xm.

Skeleton.—The ectosomal skeleton is a

unispicular and isotropic tangential reticu-

lation of oxeas. The choanosomal skeleton

in the encrusting specimens is a somewhat
confused reticulation of uni-paucispicular

primary and secondary lines. In the ramose

specimens, the choanosomal skeleton con-
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sists of an irregular and dense reticulation

with pauci-multispicular primary and uni-

paucispicular secondary lines. Spongin is

very scarce, nodal.

Distribution.—Central Pacific: Hawaii,

Palau, Ponape (de Laubenfels 1954). Mex-
ico (present records); these are the first re-

cords in the East Pacific.

Remarks.—Adocia turquoisia is a very

typical and abundant species in rocky eco-

systems, where it can be found from the

intertidal zone to the first meters of depth

(no information exists about their presence

at deeper levels). The existence of short-

living lecithotrophic larvae in the majority

of the sponges as Adocia turquoisia makes

it difficult to explain their distribution in the

Central and East Pacific area. However, it

seems to be a very common species in the

localities where it has been found, and its

apparently disjunct distribution could be

due to a lack of faunistic studies in nearby

areas. This species can live in open waters

like bays and in semi-enclosed environ-

ments like marinas, ports and estuaries.

Order Dendroceratida Minchin, 1900

Family Darwinellidae Minchin, 1900

Genus Chelonaplysilla

de Laubenfels, 1948

Chelonaplysilla violacea

(Lendenfeld, 1883)

Fig. 7

Aplysilla violacea Lendenfeld, 1883:237,

1889:704.—de Laubenfels, 1948:165.—

Bergquist, 1967:237.

Material examined.—98-LEB-ICML-
UNAM, Islas Isabeles (Nayarit), 21°46'

35"N, 105°51'42"W, 21 Nov 1999, 20 m
depth, on a dead coral. 358-LEB-ICML-
UNAM, Ensenada de Bacochibampo
(Guaymas, Sonora), 27°54'37"N, 1 10°57'

12"W, 6 Nov 2000, 5 m depth, on a dead

bivalve shell. 382-LEB-lCML-UNAM, Isla

Lobos (Mazatlan, Sinaloa), 23°13'49"N,

106°27'43"W, 17 Oct 2001, 5 m depth, on

rocks. 377-LEB-ICML-UNAM, Puente de

la Ventana (Manzanillo, Colima), 19°02'

08"N, 104°20'34"W, 15 Nov 2001, 2 m
depth, under rocks.

Description.—A very slender encrusting

sponge of 298.8 to 464.8 [Jim in thickness,

covering a small area of 0.9 by 1.23 cm.

The large specimen up to 5 cm in diameter

Greyish purple in life and in spirit. Surface

conulose, with blunt conules 666 to 1531.8

|jLm high (average of 1098.8 |xm), and from

832.5 to 2331 |xm apart. Some fibers can

protrude over the conules. The ectosome is

reinforced by the typical regular reticulation

of sand grains and spicule fragments, form-

ing circular and semicircular meshes of

116.2-398.4 |xm in diameter, which are vis-

ible to the naked eye. Oscules have not

been observed. Consistency soft and easy

to tear.

Skeleton.—Dendritic spongin fibres 1.5—

1.7 mm high, rising from a basal plate of

275 to 400 |JLm in diameter The fibers are

erect, predominantly solitary, smooth, with

a visible laminate bark and a diffuse pith,

without foreign inclusions. Sometimes ram-

ified near apex once or twice. At the base

the fibers measure 56 to 80 (xm in diameter,

tapering 29 to 50 [xm near the end.

Distribution.—This is the first time that

the species is cited in the east Pacific. Mex-
ico (present records), Australia (Lendenfeld

1889, de Laubenfels 1948), Hawaii (Be-

rgquist 1967), New Zealand (Bergquist

1996).

Remarks.—Our specimens match the

description of the Hawaii specimens well,

but differ in some aspect with the New
Zealand and Australian specimens. In New
Zealand the species is described as en-

crusting, sometimes with short vertical

lobes, and with erect fronds or lamellae in

Australia (Bergquist 1967, 1996). Several

hypotheses could be advanced to explain

this wide-range, and apparently disjunct

distribution, as it has been explained for

Adocia turquoisia. However, a possibility

that cannot be discarded is that the sup-

posed wide-range species could actually be

complexes of cryptic species, highly con-

servative from a morphological point of
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Fig. 7. Chelonaplysilla violacea (Lendenfeld, 1883). A) Clean fiber ramified near the end, and basal portion,

B) Ectosomal reticulation of sand grains, showing a dense accumulation in a conule, and a subjacent fiber

protruding from the conule.

view but genetically well separated (Sole-

Cava & Thorpe 1986, 1990). The fact that

our specimens match the Hawaii speci-

mens better than New Zealand and Austra-

lian specimens seems to confirm this sup-

position. On the other hand, using cladistic

biogeography, a very high association be-

tween the sponge fauna of the East Pacific

with Australian and New Zealand fauna

has been obtained (Soest 1998).
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INTERNATIONAL TRUST FOR ZOOLOGICAL
NOMENCLATURE

Applications published on 30 March 2001 in Volume 58, Part 1 of the Bulletin

of Zoological Nomenclature

Comment or advice on any of these Applications is invited for publication (subject

to editing) in the Bulletin and should be sent to the Executive Secretary, International

Commission on Zoological Nomenclature, % The Natural History Museum, Crom-
well Road, London SW7 5BD, UK (e-mail: iczn@nhm.ac.uk).

Case No.

3158. Helix lucorum Linnaeus, 1758 and Helix punctata Miiller, 1774 (currently

Otala punctata; Mollusca, Gastropoda): proposed conservation of

usage of the specific names by the replacement of the syntypes of

H. lucorum with a neotype.

3175. Ampullaria canaliculata Lamarck, 1822 (currently Pomacea canaliculata;

Mollusca, Gastropoda): proposed conservation of the specific name.

3132. Eudorylas Aczel, 1940 (Insecta, Diptera): proposed conservation of usage

by the designation of Pipunculus fuscipes Zetterstedt, 1 844 as the

type species.

3149. Proposed conservation of 31 species-group names originally published as

junior primary homonyms in Buprestis Linnaeus, 1758 (Insecta, Co-

leoptera).

3157. Halictoides dentiventris Nylander, 1848 (currently Dufourea dentiventris; In-

secta, Hymenoptera): proposed conservation of the specific name.

3165. Parasuchus hislopi Lydekker, 1885 (Reptilia, Archosauria): proposed re-

placement of the lectotype by a neotype.

3143. Euphryne obesus Baird, 1858 (Reptilia, Squamata): proposed precedence of

the specific name over that of Sauromalus ater Dumeril, 1856.

3022. Catalogue des mammiferes du Museum National d'Histoire Naturelle by

Etienne Geoffroy Saint-Hilaire (1803): proposed placement on the

Official List of Works Approved as Available for Zoological No-

menclature.
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The following new Applications were recorded in the Bulletin of Zoological

Nomenclature (Volume 58, Part 1; 30 March 2001)

Under Article 82 of the Code, existing usage is to be maintained until the ruling

of the Commission is published.

Case No.

3178. Hippotragus Sundevall, 1845 (Mammalia, Artiodactyla): proposed conser-

vation.

3179. Halacarus Gosse, 1855, H. ctenopus Gosse, 1855 and Thalassarachna Pack-

ard, 1871 (Arachnida, Acari): proposed conservation of usage of the

names by the designation of a neotype for H. ctenopus.

3180. Strombus wilsoni Abbott, 1967 and S. wilsonorum Petuch, 1994 (MoUusca,

Gastropoda): proposed conservation of the specific names.

3181. Cryptotermes dudleyi Banks, 1918 (Insecta, Isoptera): proposed precedence

of the specific name over that of Calotermes (Cryptotermes) jacob-

soni Holmgren, 1913.

3182. Squilla scabricauda Lamarck, 1818 (currently Lysiosquilla scabricauda;

Crustacea, Stomatopoda): proposed conservation of the specific

name.

3183. Pagurus clypeatus Fabricius, 1787 (currently Coenobita clypeatus; Crusta-

cea, Decapoda): proposed replacement of the syntypes by a neotype.

3185. Criconema Hofmanner & Menzel, 1914 (Nematoda): proposed designation

of Eubostrichus guernei Certes, 1899 as the type species.

3186. Squalus edwartsii Schinz, 1822 (currently Haploblepharus edwardsii; Chon-

drichthyes, Carchariniformes): proposed conservation of edwardsii

as the correct original spelling of the specific name.

3187. Isospora Schneider, 1881 (Protista, Apicomplexa): proposed designation of

/. suis Blester, 1934 as the type species).
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Applications published on 29 June 2001 in Volume 58, Part 2 of the Bulletin of
Zoological Nomenclature

Comment or advice on any of these Applications is invited for publication (subject

to editing) in the Bulletin and should be sent to the Executive Secretary, International

Commission on Zoological Nomenclature, % The Natural History Museum, Crom-
well Road, London SW7 5BD, U.K. (e-mail: iczn@nhm.ac.uk).

Case No.

3171. Cryphops Richter & Richter, 1926 (Trilobita): proposed conservation.

3164. Kalotermes Hagen, 1853 (Insecta, Isoptera): proposed designation of Termes

flavicollis Fabricius, 1793 as the type species.

3147. Hydroporus discretus Fairmaire & Brisout in Fairmaire, 1859 (Insecta, Co-

leoptera): proposed conservation of the specific name.

3154. Scymnus splendidulus Stenius, 1952 (currently Nephus (Sidis) splendidulus;

Insecta, Coleoptera): proposed retention of the neotype as the name-

bearing type despite rediscovery of the holotype.

3028. Aphanius Nardo, 1827 (Osteichthyes, Cyprinodontiformes): proposed place-

ment on the Official List.

3172. Leptodactylus chaquensis Cei, 1950 (Amphibia, Anura): proposed conser-

vation of the specific name.

3173. Phrynidium crucigerum Lichtenstein & Martens, 1856 (currently Atelopus

cruciger; Amphibia, Anura): proposed conservation of the specific

name by the designation of a neotype.

3145. Dactyloa biporcata Wiegmann, 1834 (currently Anolis biporcatus) and An-

olis petersii Bocourt, 1873 (Reptilia, Sauria): proposed conservation

of the specific names and designation of a neotype for A. biporcatus.

3178. Hippotragus Sundevall, 1845 (Mammalia, Artiodactyla): proposed conser-

vation.

Applications were recorded in the Bulletin of Zoological Nomenclature (Volume

58, Part 2; 29 June 2001)

Under Article 82 of the Code, existing usage is to be maintained until the ruling

of the Commission is published.

Case No.

3184. Tetrapedia Klug, 1810, T. diversipes Klug, 1810 and Exomalopsis Spinola,

1853 (Insecta, Hymenoptera): proposed conservation of usage of the

names by the designation of a neotype for T. diversipes. CD. Mich-

ener & J.S. Moure.

3188. Nemotois violellus Stainton, 1851 (currently Nemophora violellus; Insecta,

Lepidoptera): proposed conservation of the specific name. M.V.

Kozlov.
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3189. Ammotrecha Banks, 1900 and Ammotrechula Roewer, 1934 (Arachnida, So-

lifugae): proposed conservation by the designation of Galeodes

limbata Lucas, 1835 as the type species of Ammotrecha; and

Eremobates Banks, 1900 and Eremorhax Roewer, 1934: proposed

conservation by the designation of Galeodes pallipes Say, 1 823

as the type species of Eremobates. M.S. Harvey.

3190. Chlorops meigenii Loew, 1866 (Insecta, Diptera): proposed conservation of

the specific name. E.R Nartshuk.

3191. Pareiasaurus karpinskii Amalitskii, 1922 (currently Scutosaurus karpinskii;

Reptilia, Pareiasauria): proposed conservation of the specific

name. M.S.Y. Lee.

3192. Enidae Woodward, 1903 (1880) (Mollusca, Gastropoda): proposed prece-

dence over BULIMINUSIDAE Kobelt, 1880 (proposed emended spell-

ing of BULIMINIDAE to rcmove homonymy with buliminidae Jones,

1875 (Rhizopoda, Foraminiferida)). B. Hausdorf.

3193. Chrysodema Laporte & Gory, 1835 and Iridotaenia Deyrolle, 1864 (Insecta,

Coleoptera): proposed conservation of usage by the designation

of C. sonnerati Laporte & Gory, 1835 and C. sumptuosa Laporte

& Gory, 1835 as the respective type species. C.L. Bellamy.

3194. Lius Deyrolle, 1864 (Insecta, Coleoptera): proposed conservation. C.L. Bel-

lamy.

3195. Polonograptus Tsegelnjuk, 1976 (Graptolithina): proposed designation of P.

podoliensis Pribyl, 1983 as the type species. J.F. Riva, R.B. Rick-

ards & T.N. Koran.

3196. Ctenotus decaneurus yampiensis Storr, 1975 (currently C. yampiensis; Rep-

tilia, Sauria): proposed designation of a neotype. L.A. Smith.

3197. Glassia Davidson, 1881 (Brachiopoda): proposed designation of G. elongata

Davidson, 1881 as the type species. P. Copper.

3198. Heteromesus Richardson, 1908 (Crustacea, Isopoda): proposed designation

of H. granulatus Richardson, 1908 as the type species. K.L. Mer-
rin & G.C.B. Poore.

3199. Limacina Bosc, 1817 (Mollusca, Gastropoda): proposed precedence over

Spiratella de Blainville, 1817. A.W. Janssen & I. Zorn.

3200. Gryllus brachypterus Ocskay, 1826 (currently Euthystira brachyptera) and

G. brachypterus de Haan in Temminck, 1842 (currently Duolan-

drevus brachypterus) (Insecta, Orthoptera): proposed conserva-

tion of the specific names. H. Baur & A. Coray.

3201. Scarabaeus punctatus Villers, 1789 (currently Pentodon bidens punctatus;

Insecta, Coleoptera): proposed conservation of the specific name.

F.-T. Krell.

3202. Podalgus Burmeister, 1847 (Insecta, Coleoptera): proposed designation of

P. cuniculus Burmeister, 1847 as the type species. F.-T. Krell.
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Applications published on 28 September 2001 in Volume 58, Part 3 of the Bul-

letin of Zoological Nomenclature

Comment or advice on any of these Applications is invited for publication (subject

to editing) in the Bulletin and should be sent to the Executive Secretary, International

Commission on Zoological Nomenclature, % The Natural History Museum, Crom-
well Road, London SW7 5BD, U.K. (e-mail: iczn@nhm.ac.uk).

Case No.

3185. Criconema Hofmanner & Menzel, 1914 (Nematoda): proposed designation

of Eubostrichus guernei Certes, 1899 as the type species.

3192. BuLiMiNiDAE Kobelt, 1880 (MoUusca, Gastropoda): proposed emendation of

spelling to buliminusidae, so removing the homonymy with buli-

MiNiDAE Jones, 1875 (Rhizopoda, Foraminifera); and enidae Wood-
ward, 1903 (1880) (Gastropoda): proposed precedence over buli-

minusidae Kobelt, 1880.

2983. Achatinellastrum Pfeiffer, 1854 and achatinellidae Gulick, 1873 (Mollusca,

Gastropoda): proposed conservation.

3153. HiPPOPODiiDAE Cox, 1969 (Mollusca, Bivalvia): proposed emendation of

spelling to hippopodiumidae, so removing the homonymy with hip-

POPODiiDAE Kolliker, 1853 (Cnidaria, Hydrozoa).

3189. Ammotrecha Banks, 1900 and Ammotrechula Roewer, 1934 (Arachnida, So-

lifugae): proposed conservation by the designation of Galeodes lim-

bata Lucas, 1835 as the type species of Ammotrecha; and Eremo-

bates Banks, 1900 and Eremorhax Roewer, 1934: proposed conser-

vation by the designation of Galeodes pallipes Say, 1823 as the type

species of Eremobates.

3179. Halacarus Gosse, 1855, H. ctenopus Gosse, 1855 and Thalassarachna Pack-

aid, 1871 (Arachnida, Acari): proposed conservation of usage of the

names by the designation of a neotype for H. ctenopus.

3155. Macrotermitinae Kemner, 1934 (Insecta, Isoptera): proposed precedence

over ACANTHOTERMITINAE SjOStcdt, 1926.

3159. Staphylinus maculosus and S. violaceus Gravenhorst, 1802 (currently Pla-

tydracus maculosus and P. violaceus; Insecta, Coleoptera): proposed

conservation of usage of the specific names.

3160. Dianulites petropolitana Dybowski, 1877 and Diplotrypa petropolitana

Nicholson, 1879 (Bryozoa): proposed conservation of the specific

names.

3191. Pareiasaurus karpinskii Amalitzky, 1922 (currently Scutosaurus karpinskii;

Reptilia, Pareiasauria): proposed conservation of the specific name.

3140. Sceloporus occidentalis Baird & Girard, 1852 (Reptilia, Sauria): proposed

replacement of rediscovered syntypes by a neotype.
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Applications were recorded in the Bulletin of Zoological Nomenclature (Volume
58, Part 3; 28 September 2001)

Under Article 82 of the Code, existing usage is to be maintained until the ruling

of the Commission is published.

Case No.

3203. Sauripterus Hall, 1843 (Osteichthyes, Sarcopterygii): proposed conservation

as the correct original spelling of Sauripteris. J.E. Jeffery, M.C.
Davis, E.B. Daeschler & N.H. Shubin.

3204. Viverra maculata Gray, 1830 (currently Genetta maculata; Mammalia, Car-

nivora): proposed conservation of the specific name and designation

of a neotype; Genetta thierryi Matschie, 1902: proposed conserva-

tion of the specific name. P. Gaubert et al.

3205. Cyphosoma Mannerheim, 1837 and Halecia Laporte & Gory, 1837 (Insecta,

Coleoptera): proposed conservation. S. Bily & C.L. Bellamy.

3206. Halcampella Andres, 1884 (Cnidaria, Anthozoa): proposed designation of

H. maxima Hertwig, 1888 as the type species. E. Rodriguez & P.J.

Lopez-Gonzalez.

3207. StaphYLINIDAE Latreille, 1804 (Insecta, Coleoptera): proposed conservation

of 82 specific names. L.H. Herman.

3208. Geodromicus Redtenbacher, 1857 (Insecta, Coleoptera): proposed prece-

dence over Psephidonus Gistel, 1 856. L.H. Herman.

3209. Lesteva Latreille, 1797 (Insecta, Coleoptera): proposed designation of L.

punctulata Latreille, 1804 (currently L. longoelytrata (Goeze, \111))

as the type species. L.H. Herman.

3210. Catocala alabamae Grote, 1875 (Insecta, Lepidoptera): proposed conser-

vation of the specific name. L.F. Gall.

3211. Clionidae d'Orbigny, 1851 (Porifera, Hadromerida): proposed emendment
of spelling to clionaidae to remove homonymy with clionidae Raf-

inesque, 1815 (MoUusca, Gastropoda). P. Bouchet & K. Rutzler.
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Opinions with the following titles were published on 30 March 2001 in Volume
58, Part 1 of the Bulletin of Zoological Nomenclature

Copies of these Opinions can be obtained free of charge from the Executive

Secretary, The International Commission on Zoological Nomenclature, % The Nat-

ural History Museum, Cromwell Road, London SW7 5BD, U.K. (e-mail:

iczn@nhm.ac.uk).

Opinion No.

1965 (Case 3008). Euchilus Sandberger, 1870 and Stalioa Brusina, 1870 (Mollus-

ca. Gastropoda): Bithinia deschiensiana Deshayes, 1862 and Palu-

dina desmarestii Prevost, 1821 designated as the respective type

species, with the conservation of Bania Brusina, 1 896.

1966 (Case 3116). Gnomulus Thorell, 1890 (Arachnida, Opiliones): Gnomulus su-

matranus Thorell, 1891 designated as the type species.

1967 (Case 2990). Disparalona Fryer, 1968 (Crustacea, Branchiopoda): conserved.

1968 (Case 2957). Phytobius Schonherr, 1833 (Insecta, Coleoptera): placed on the

Official List.

1969 (Case 3128). Drosophila rufifrons Loew, 1873 and D. lebanonensis Wheeler,

1949 (currently Scaptodrosophila rufifrons and S. lebanonensis; In-

secta, Diptera): specific names conserved by the designation of a

neotype for D. rufifrons.

1970 (Case 3043). Odatria keithhornei Wells & Wellington, 1985 (Reptilia, Squa-

mata): specific name placed on the Official List.
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Opinions with the following titles were published on 29 June 2001 in Volume
58, Part 2 of the Bulletin of Zoological Nomenclature

Copies of these Opinions can be obtained free of charge from the Executive

Secretary, The International Commission on Zoological Nomenclature, % The Nat-

ural History Museum, Cromwell Road, London SW7 5BD, U.K. (e-mail:

iczn@nhm.ac.uk).

Opinion No.

1972 (Case 3075). Strongylus tetracanthus Mehlis, 1831 (currently Cyathostomum

tetracanthum) and C. catinatum Looss, 1900 (Nematoda): conserved

by the designation of a neotype for C. tetracanthum.

1973 (Case 3126). Bulinus wrighti Mandahl-Barth, 1965 (Mollusca, Gastropoda):

specific name conserved.

1974 (Case 3080). Polydora websteri Hartman in Loosanoff & Engle, 1943 (An-

nelida, Polychaeta): specific name conserved by a ruling that it is

not to be treated as a replacement for P. caeca Webster, 1879, and

a lectotype designated for P. websteri.

1975 (Case 3084). Musca geniculata De Geer, 1776 and Stomoxys cristata Fabri-

cius, 1805 (currently Siphona geniculata and Siphona cristata; In-

secta, Diptera): specific names conserved the replacement of the

lectotype of M. geniculata by a neotype.

1976 (Case 3069). Solenopsis invicta Buren, 1972 (Insecta, Hymenoptera): specific

name conserved.

1977 (Case 3122). Ichthyosaurus comalianus Bassani, 1886 (currently Mixosaurus

cornalianus; Reptilia, Ichthyosauria): neotype designated.

1978 (Case 3033). Myoxus japonicus Schinz, 1845 (currently Glirulus japonicus;

Mammalia, Rodentia): specific name conserved as the correct orig-

inal spelling.
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Opinions with the following titles were published on 28 September 2001 in

Volume 58, Part 3 of the Bulletin of Zoological Nomenclature

Copies of these Opinions can be obtained free of charge from the Executive

Secretary, The International Commission on Zoological Nomenclature, % The Nat-

ural History Museum, Cromwell Road, London SW7 5BD, U.K. (e-mail:

iczn@nhm.ac.uk).

Opinion No.

1979 (Case 3086). Hyalinia villae adamii Westerlund, 1886 (currently Oxychilus

adamii; Mollusca, Gastropoda): specific name adamii conserved by

the replacement of the syntypes with a neotype.

1980 (Case 3088). Doris verrucosa Linnaeus, 1758 (Mollusca, Gastropoda): ge-

neric and specific names conserved by the designation of a neotype.

1981 (Case 3133). Peristernia Morch, 1852 and Clivipollia Iredale, 1929 (Mol-

lusca, Gastropoda): conserved by the designation of Turbinella nas-

satula Lamarck, 1822 as the type species of Peristernia.

1982 (Case 3090). Musca arcuata Linnaeus, 1758 and M. festiva Linnaeus, 1758

(currently Chrysotoxum arcuatum and C. festivum) and M. citrofas-

ciata De Geer, 1776 (currently Xanthogramma citrofasciatum) (In-

secta, Diptera): specific names conserved by the designation of neo-

types for M. arcuata and M. festiva.

1983 (Case 3134). Rana cryptotis Boulenger, 1907 (currently Tomoptema cryp-

totis; Amphibia, Anura): specific name given precedence over that

of Chiromantis kachowskii Nikolsky, 1900.

1984 (Case 3121). Holochilus Brandt, 1835, Proechimys J.A. Allen, 1899 and Tri-

nomys Thomas, 1921 (Mammalia, Rodentia): conserved by the des-

ignation of H. sciureus Wagner, 1 842 as the type species of Holo-

chilus.

1985 (Case 3018). Cervus gouazoubira Fischer, 1814 (currently Mazama goua-

zoubira; Mammalia, Artiodactyla): specific name conserved as the

correct original spelling.
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Notification of New Mailing Address for Manuscript Submission

Precautions against bioterrorism has im-

pacted the maihng operations of the Pro-

ceedings of the Biological Society of Wash-

ington. The U.S. Postal Service's Washing-

ton D.C. Processing and Distribution Center

was the post office previously used for all

incoming and outgoing mail to the National

Museum of Natural History, Smithsonian

Institution, and many other major govern-

ment offices. The detection of active an-

thrax spores in October 2001 has led to the

decontamination of all mail received since

mid-October. A significant consequence of

the anthrax decontamination process is that

few articles of mail have been received at

the Natural History Museum since late Sep-

tember.

We are concerned about members who
have mailed manuscripts to the Proceed-

ings, care of the National Museum of Nat-

ural History shortly before or after 1 1 Sep-

tember, and the status of their submissions.

It is possible that manuscript submissions

have not been received since late Septem-

ber 2001. Also, if submissions arrive from

the decontamination centers during the next

few weeks, it is likely that original artwork

has been damaged from the irradiation pro-

cess. Some submissions may also have been

accidentally destroyed.

Hence, we ask members who have not

received confirmation that their manuscripts

have been received by the Proceedings or

who have specific questions concerning

submissions or manuscript reviews to check

with the editor by voice mail at (301) 402-

1502, or by electronic mail using the ad-

dress: sternberg.richard@nmnh.si.edu. If

manuscripts need to be resubmitted and for

new submissions, please use the following

address:

Richard v. Sternberg

Editor, Proceedings of the Biological

Society of Washington

National Center for Biotechnology In-

formation (GenBank)
National Institutes of Health

Building 45, Room 6An.l8D-30
Bethesda, Maryland 20894

Please accept our apologies for any in-

conveniences that the mail slow-down may
have caused. However, we ask that you
keep in mind that we have no control over

postal service problems.

Sincerely,

The Editorial Board
Proceedings of the Biological

Society of Washington
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A new species of small-eared shrew from Colombia and Venezuela

(Mammalia: Soricomorpha: Soricidae: Genus Cryptotis)

Neal Woodman

USGS Patuxent Wildlife Research Center, Smithsonian Institution, P.O. Box 37012, National

Museum of Natural History, NHB 378, MRC-111, Washington, DC 20013-7012, U.S.A.

Abstract.—Populations of small-eared shrews inhabiting the northern Cor-

dillera Oriental of Colombia and adjoining Venezuelan highlands in the vicinity

of Paramo de Tama have been referred alternatively to Cryptotis thomasi or

Cryptotis meridensis. Morphological and morphometrical study of this popu-

lation indicates that it belongs to neither taxon, but represents a distinct, pre-

viously unrecognized species. I describe this new species as Cryptotis tamensis

and redescribe C. meridensis. Recognition of the population at Paramo de Tama
as a separate taxon calls into question the identities of populations of shrews

currently represented only by single specimens from Cerro Pintado in t]i£_Sierra

de Perija, Colombia, and near El Junquito in the coastal hj^fl^WB'

zuela.

All South American shrews (Family Sor-

icidae) are members of the genus Cryptotis,

a taxon that is widespread in eastern and

central North America, Central America,

and northwestern South America. Soricids

inhabit exclusively montane regions in

South America, being restricted to high-

lands above at least 1200 m in the Andes
north of the Huancabamba Depression,

Peru. Shrews were first reported from South

America near the end of the 19th century,

when Cryptotis thomasi (Merriam, 1897)

was described from near Bogota in the Cor-

dillera Oriental of Colombia. Since then,

several additional taxa of shrews have been

named from the continent (e.g., Thomas
1898, 1912, 1921; Allen 1912; Anthony

1921; Woodman & Timm 1993; Vivar et al.

1997), although the number of recognized

species has varied from one (Hershkovitz

1969, 1972) to as many as ten (Tate 1932).

The taxonomy of North American and Cen-

tral American species of Cryptotis has been

studied in some detail, but a comprehensive

revision of South American taxa has not

been attempted since Tate (1932) summa-
rized their distributions. The taxonomy,

systematic s, and ^i i i^i ijiTiTn lirTi ilw irm of

South Americ^" soricids remain poorly un-

derstood.

The first species of shrew recorded from

Venezuela was Cryptotis meridensis

(Thomas, 1898), which was described

based on specimens from Venezuela's Cor-

dillera de los Andes, near Merida. Although

the taxonomic status of C meridensis has

fluctuated between that of a subspecies of a

widespread, poorly-defined C thomasi (Ca-

brera 1958; Handley 1976; Corbet & Hill

1980, 1986, 1991; Honacki et al. 1982; Du-

rant & Pefaur 1984; Eisenberg 1989) and

that of a distinct species (Cabrera 1925;

Tate 1932; Cabrera & Yepes 1940, 1960;

Hutterer 1986, 1993; Linares 1998), its po-

sition as a definable taxon has appeared to

remain relatively stable. In reality, its per-

ceived membership has varied consider-

ably.

The geographic range of C meridensis

traditionally has included both the Cordil-

lera de los Andes (including Sierra de Me-
rida and Sierra del Norte [= Sierra de La
Culata]) in Venezuela and the Paramo de

Tama (= Macizo de El Tama) on the Co-
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lombia-Venezuela border along Colombia's

Cordillera Oriental (Osgood 1912, Tate

1932, Cabrera 1958, Durant & Pefaur 1984,

Linares 1998). The first individuals from

the latter locality were collected for the

Field Museum by W. H. Osgood and S. G.

Jewett in 1911. These specimens were iden-

tified as Blarina meridensis with assistance

from Oldfield Thomas (Osgood 1912), who
first described the species. Paramo de Tama
is physiographically separated from the

Cordillera de los Andes by the Tachira De-

pression, an arid valley that, according to

Durant & Pefaur (1984), drops to ca. 800

m elevation. (Most large-scale maps of the

region show this feature as above 1000 m.)

Possibly owing to this disjunct distribution

and the location of Paramo de Tama in the

Cordillera Oriental, some authors more re-

cently have referred shrews from Paramo

de Tama to C. thomasi, restricting C. mer-

idensis mainly to populations in the Cor-

dillera de los Andes and the coastal high-

lands near Caracas (Hutterer 1986, 1993;

Soriano et al. 1999).

Recent redefinition of C. thomasi (Wood-

man 1996, Vivar et al. 1997) has made it

much easier to compare this species with

other South American shrews. My mor-

phometrical and character analyses of Cryp-

totis from Paramo de Tama and the Cordil-

lera de los Andes indicate that neither pop-

ulation is referable to C thomasi. These

studies also indicate, however, that C. mer-

idensis s. 1. is polytypic. The purpose of this

paper is to describe a previously unrecog-

nized species of small-eared shrew from

Paramo de Tama and to redescribe Cryp-

totis meridensis (Thomas, 1898) in the con-

text of our greater understanding of varia-

tion within and among species of Cryptotis.

Materials and Methods

The cunent work relied on the tech-

niques and methods of previous studies of

Cryptotis (Woodman & Timm 1992, 1993,

1999). Additional information regarding

methodology is presented there. Species

synonomies list only first use of published

names. Regional names, place names, and

map coordinates derive from original col-

lector tags, field notes, and field catalogs

supplemented with additions, corrections,

and alternative readings based on review of

published localities, maps, and gazetteers of

the region (Paynter & Traylor 1981; Payn-

ter 1982; USBGN 1988, 1993). Localities

for specimens from the Smithsonian Vene-

zuelan Project (SVP) are based on original

field tags supported by information from

Norman E. Peterson's unpublished field cat-

alog and journal for 1968, reposited at the

National Museum of Natural History. SVP
localities had been recalculated prior to be-

ing published by Handley (1976), and I

note his equivalent localities in brackets.

Capitalized lifezone names follow Holdrid-

ge (1947), Ewel et al. (1965), and Ewel &
Madriz (1968).

In the descriptions of the new species of

Cryptotis and C. meridensis, I compare

characteristics of the species primarily with

other members of the genus Cryptotis, un-

less stated otherwise. This context is re-

flected in the comparative terms used for

measurements and ratios. A feature referred

to as of "moderate" length, for example, is

one whose mean value for the species falls

within the range of plus or minus one stan-

dard deviation of the mean for the genus.

The mean for Cryptotis was established by

averaging the means of all known species.

A "long" or "wide" feature is one greater

than the mean plus one standard deviation;

a "short" or "narrow" feature is less than

the mean minus one standard deviation.

Terminology of dentition and dental

characteristics follows Choate (1970). An-

atomical terminology of the humerus and

other aspects of the postcranial skeleton fol-

lows Reed (1951). Formal color names for

pelage hues are from Ridgway (1912). Pel-

age coloration was determined only from

museum specimens. Because such speci-

mens may exhibit vaiying degrees of fox-

ing, colors may not accurately represent

those of live or newly-captured specimens.
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Measurements used in my analyses fol-

low Woodman & Timm (1993, 1999); ab-

breviations are explained in Table 1. In ad-

dition, crown-to-rump length (CR) is re-

ported for embryos. External measurements

are those taken by the original collector, ex-

cept for head-and-body length, which was

calculated by subtracting length of tail from

total length. Measurements of the skull

were taken to the nearest 0.1 mm using ei-

ther an ocular micrometer in a binocular

microscope or a hand-held dial caliper (for

CBL and CB). Univariate statistics include

mean ± SD and total range. Ratios of mea-

surements were multiplied by 100 to cal-

culate percentages. Orthogonal principal

components were calculated from matrices

of 18 untransformed craniomandibular var-

iables (CBL, ZP, lO, UIB, M2B, PL, TR,

UTR, MTR, LMl, ML HCP HCV, HAC,
BAG, AC3, TRM, Lml) to understand the

relationships in overall shape of the skull

among 36 Cryptotis meridensis, 16 C. tho-

masi, and 13 individuals of the new species

with complete crania.

Male and female Cryptotis are difficult to

distinguish externally, and many museum
specimens either lack sexual identification

or may have been sexed incorrectly in the

field. Previous tests for sexual dimorphism

in Cryptotis, including C. meridensis (Du-

rant & Pefaur 1984), indicate that males

and females generally are not significantly

different in size or shape (Choate 1970,

Woodman 1992, Woodman & Timm 1993).

For these reasons, both sexes were grouped

together for all statistical analyses.

In my investigations of Cryptotis, I op-

erate under the philosophical influence of

the evolutionary species concept as rede-

fined by Wiley (1978, 1981), which re-

quires that the species category (and tax-

onomy in general) be logically consistent

with reconstructed phylogenetic history. In

application, I consider a species to be the

largest monophyletic entity whose constit-

uent parts interact and are not on different

evolutionary trajectories (Alternative 2 of

Frost & Hillis 1990). In practice, I use

unique distributional patterns of morpho-

logical characters among populations to dis-

tinguish individual, presumably genetically-

cohesive groups from other genetically-co-

hesive groups. This results in a clear, sup-

portable, and testable framework for

additional studies.

Specimens from the following institu-

tions were used in this study: American

Museum of Natural History, New York

(AMNH); Natural History Museum, Lon-

don (BM); Field Museum, Chicago

(FMNH); Institute de Ciencias Naturales,

Universidad Nacional de Colombia, Bogota

(ICN); University of Kansas Natural His-

tory Museum, Lawrence (KU); Museum of

Comparative Zoology, Cambridge (MCZ);
Museo de la Universidad de Antioquia, Me-
dellin (MUA); Royal Ontario Museum, To-

ronto (ROM); National Museum of Natural

History, Washington (USNM).

Systematic Framework

Ongoing studies of morphological vari-

ation, species diversity, evolutionary rela-

tionships, and biogeography of Cryptotis

(Choate 1970; Hutterer 1986; Vivar et al.

1997; Woodman 1992, 1996; Woodman &
Timm 1992, 1993, 1999, 2000) have added

to our knowledge of Central American and

South American members of the genus.

Within Cryptotis, I recognize four infor-

mal, but definable, groups of species that

correspond closely to groupings originally

delineated by Choate (1970): Cryptotis

mexicana-group, containing nine species

occurring from northeastern Mexico to

central Honduras (Woodman & Timm
1999, 2000); C. nigrescens-group, consist-

ing of six species distributed from southern

Mexico to Colombia (Woodman & Timm
1993, 1999); C. pan^a-group, comprising

at least two diagnosable species (C. oro-

phila and C. parva) and having a discon-

tinuous distribution from southeasternmost

Canada and the eastern United States to the

Central Valley of Costa Rica; C. thomasi-

group, comprised entirely of Andean spe-
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Table 1 .—Measurements of selected Cryptotis from Colombia and Venezuela. Statistics are mean ± SD, and

range. Measurements follow Woodman & Timm (1993).

C. meridensis C. tamensis C. thomasi C. medellinia

n = 22 n = 13

86 ± 6 85 ± 7

69-96 77-98

24 ± 2 37 ± 6

20-27 29-46

n = 28 n = 12

21.7 ± 0.5 22.0 ± 1.0

20.4-22.6 20.0-23.2

(n = 23) (n = 11)

10.6 ± 0.2 10.9 ± 0.4

10.2-11.0 10.3-11.4

(« = 11) (n = 18) (« = 10)

breadth of zygomatic plate (ZP)

2.0 ± 0.2 2.1 ± 0.1 2.0 ± 0.2 2.1 ± 0.2

1.6-2.4 1.9-2.3 1.7-2.4 1.7-2.4

interorbital breadth (lO)

5.0 ± 0.2 5.0 ± 0.2 5.0 ± 0.2 5.4 ± 0.2

4.7-5.4 4.8-5.3 4.6-5.4 5.0-5.8

breadth across first unicuspids (UIB)

2.9 ± 0.1 3.0 ± 0.1 2.7 ± 0.1 3.0 ± 0.2

2.6-3.1 2.7-3.1 2.5-2.9 2.7-3.2

breadth across second molars (M2B)

6.4 ± 0.2 6.4 ± 0.1 6.2 ± 0.2 6.7 ± 0.4

6.0-7.0 6.1 -6.6 5.9-6.5 6.0-7.2

palatal length (PL)

9.5 ± 0.4 9.5 ± 0.2 9.3 ± 0.3 9.8 ± 0.4

External measurements:

n = 65 « = 21

head-and-body length (HB)

89 ± 5 86 ± 4

76-102 80-91

tail length (TL)

34 ± 3 36 ± 2

25^1 32-39

Skull measurements:

« = 35 « = 13

condylobasal length (CBL)

21.5 ± 0.7 21.5 ± 0.5

20.5-23.5 20.8-22.9

cranial breadth (CB)

10.4 ± 0.3 10.5 ± 0.2

10.0-11.0 10.1-10.8

6.4 ± 0.1

6.1 -6.6

9.5 ± 0.2

9.1--9.8

8.3 ± 0.3

7.9--8.7

8.8-10.2 9.1-9.8 8.6-9.7 9.2-10.4

length of upper toothrow (TR)

8.2 ± 0.3 8.3 ± 0.3 8.2 ± 0.2 8.7 ± 0.4

7.3-8.8 7.9-8.7 7.7-8.5 8.1-9.2

length of unicuspid toothrow (UTR)

2.8 ± 0.1 2.8 ± 0.1 2.8 ± 0.1 3.0 ± 0.1

2.6-3.0 2.6-3.0 2.4-3.0 2.8-3.2

length of molariform toothrow (MTR)

5.8 ± 0.2 5.9 ± 0.2 5.8 ± 0.1 6.2 ± 0.3

5.5-6.3 5.6-6.1 5.5-6.0 5.7-6.5

posterior width of first upper molar (M 1 W)
2.0 ± 0.1 2.0 ± 0.1 1.9 ± 0.1 2.1 ± 0.1

2.0-2.2 1.9-2.1 1.8-2.1 2.0-2.3
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Table 1.—Continued.

C. meridensis C. tamensis C. thomasi C. medellinia

length of mandible (ML)

6.9 ± 0.3 7.0 ± 0.2 7.0 ± 0.2 7.5 ± 0.3

6.3-7.6 6.9-7.4 6.6-7.4 7.0-8.0

height of coronoid process (HCP)

4.8 ± 0.2 4.6 ± 0.2 4.6 ± 0.1 5.1 ± 0.3

4.5-5.2 4.3^.8 4.3^.9 4.5-5.5

height of coronoid valley (HCV)

3.3 ± 0.1 3.1 ± 0.1 3.1 ± 0.1 3.3 ± 0.2

3.1-3.5 3.0-3.2 2.8-3.4 2.9-3.6

height of articular condyle (HAC)

4.4 ± 0.2 4.4 ± 0.1 4.3 ± 0.1 4.5 ± 0.3

4.0-4.8 4.2-4.6 4.1-4.6 4.0-4.9

breadth of articular condyle (BAC)

3.6 ± 0.2 3.5 ± 0.1 3.6 ± 0.1 3.7 ± 0.1

3.2^.0 3.3-3.6 3.4-3.8 3.4-3.8

articular condyle to m3 (AC3)

5.6 ± 0.3 5.4 ± 0.1 5.7 ± 0.2 5.5 ± 0.2

5.1-6.3 5.2-5.7 5.0-6.0 5.1-5.8

length of lower toothrow (TRM)

6.5 ± 0.2 6.6 ± 0.2 6.4 ± 0.2 6.8 ± 0.3

6.1-6.9 6.3-6.9 6.1-6.7 6.4-7.2

length of first lower molar (Lml)

2.0 ± 0.1 1.9 ± 0.1 1.9 ± 0.1 2.0 ± 0.1

1.8-2.1 1.8-2.1 1.7-2.0 1.9-2.2

Weight (g):

12.3 ± 2.0 13.9 ± 2.2 10, 10 15.5, 16, 17

8.5-18.0 10.8-16.1

(« = 48) (n = 6) (« = 2) (« = 3)

cies (Hutterer 1993, Woodman 1996, Vivar

et al. 1997). All South American shrews

are members of either the C. thomasi-

group or the C. nigrescens-group. Eisen-

berg (1989) incorrectly suggested that C.

parva might occur in northern Colombia.

In fact, the southernmost taxon of the C.

parva-group, C. orophila, is not known
from south of central Costa Rica, and there

is no evidence that it ever extended into

South America. Specimens of C. parva
previously reported from Panama were
shown to be misidentified C. nigrescens

(Woodman & Timm 1993).

With the exceptions of C. mera and C.

colombiana, which are members of the

mostly Central American C. nigrescens-

group (Woodman & Timm 1993, Wood-
man 1996), South American taxa of shrews

are members of the C thomasi-group. The
C. thomasi-group currently includes only

South American taxa, but the membership

of the group may change as additional

South American and southern Central

American taxa are analyzed and phyloge-

netic relationships are understood more
completely. This group appears to share a

number of apomorphies with the C. mexi-

cana-group (Woodman & Timm 1999,

2000) and may prove to be a subset of that
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group. Within this framework, all of the

species considered in this study (C. med-

ellinia, C. meridensis, C. thomasi, and the

new species from Paramo de Tama) are

members of the Cryptotis thomasi-group of

shrews.

Some portions of this view of relation-

ships of South American shrews were chal-

lenged by Vivar et al. (1997), who restrict-

ed membership of the C. thomasi-group to

C thomasi and possibly C. medellinia.

They suggested that C colombiana be re-

moved from the C. nigrescens-group, but

provided no guidance as to its possible al-

ternative relationships.

The C. thomasi-group and the C. ni-

grescens-group can be distinguished using

a combination of characters. Members of

the C thomasi-group all have longer, more
luxuriant fur than members of the C. ni-

grescens-group. Unlike other New World

soricids, males of the C. thomasi-group

lack obvious bare patches marking the lo-

cation of the lateral glands. The forefeet of

these shrews are somewhat enlarged, and

the foreclaws are elongate (but not broad-

ened, as in the C mexicana-group), unlike

the C nigrescens-group in which neither

forefeet nor foreclaws are enlarged. Ul-3
typically are relatively narrow and concave

to very concave on the posteroventral mar-

gin, rather than cone-shaped with a straight

or convex posteroventral margin. The an-

terior element of ectoloph of Ml is re-

duced relative to the posterior element,

rather than being of approximately equal

size. The anterior border of the coronoid

process of the mandible joins the horizon-

tal ramus at a relatively low angle, rather

than at a high angle. The articular process

is relatively high and narrow, rather than

low and broad. The humerus in the C. tho-

masi-group is moderately long, quite ro-

bust, and slightly curved with a prominent

medial epicondyle and a well-defined teres

tubercle that is more centrally located. The

humerus in the C. nigrescens-group is sim-

ilar to that of the C. parva-group: it is

long, straight, and narrow, with the teres

tubercle more proximally located.

I consider Cryptotis thomasi s. s. to be

restricted entirely to the central portion of

the Eastern Cordillera of Colombia around

Bogota, where it is known only from ele-

vations above 2700 m (Woodman 1996).

This region has a long history of scientific

collection, and, for shrews, it is one of the

better represented parts of the Andes. The
southern limit of C thomasi's distribution

probably is north of the Paso de las Cruces

(3°17'N, 74°37'W), which drops below

1900 m. There are no specimens known
from between the northern border of Cun-

dinamarca Department and northern San-

tander Department, and the northern limit

of the species may be associated with head-

water valleys and tributaries of the Rio Chi-

camocha and Rio Upia.

Cryptotis medellinia is distinct from C.

thomasi and is known mainly from the

northern portion of the Central Cordillera

of Colombia. More recently, I identified

specimens of this species from the north-

ern part of the Western Cordillera of Co-

lombia as well. Its elevational range is

from about 2000 to 3800 m. The southern

limits of its distribution in each of the Cor-

dilleras is uncertain, but no specimens are

known from south of Paso de Quindio (
=

Boqueron de Quindio, 4°38'N, 75°32'W)

in the Central Cordillera, nor south of Par-

amo Frontino (6°28'N, 76°04'W) in the

Western Cordillera.

Cryptotis tamensis, new species

Figs. 1, 3-7

Blarina meridensis: Osgood, 1912:62.

C{ryptotis} meridensis: Thomas, 1921:354

(in part).

Cryptotis thomasi meridensis: Cabrera,

1958:48 (in part).

Cjyptotis ?ueridensis meridensis: Linares,

1998:106 (in part).

Holotype.—Skin, skull (Fig. 1 ), and flu-

id-preserved body of adult female (lactat-

ing, gravid: 2 fetuses. CR = 19), USNM
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Fig. 1. Holotype of Cryptotis tamensis (USNM 418567): (A) palatal view of cranium; (B) lateral view of

the cranium and mandible; and (C) posterior view of articular process of the mandible.

418567, taken in a snap trap baited with

sardines, rolled oats, and raisins on 8 March
1968 by a Smithsonian Venezuelan Project

(SVP) team led by Norman E. Peterson,

field number SVP 21863. Skin in good con-

dition, some matting of fur; skull has well

worn dentition, lacking left tympanic, some
damage to right pterygoid; mandible lacks

both angular processes. Standard field mea-

surements: total length = 118; length of tail

= 35; length of hind foot = 17; length of

ear slit = 8; weight = 15.9 g.

Type locality.—VENEZUELA: State of

Tdchira: Buena Vista, 7°27'N, 72°26'W,

2415 m; near Paramo de Tama; 35 km S,

22 km W of San Cristobal [reported as "41

km SW San Cristobal and 12 km SSE Las

Delicias" by Handley 1976:64].

Referred specimens (21).—COLOMBIA:
Norte de Santander: Paramo de Tama, head

of Rio Tachira [7°25'N, 72°26'W, 2450

m—Paynter & Traylor 1981] (FMNH
18571, 18614, 18615); Paramo de Tama
[7°25'N, 72°26'W, 3329 m—Paynter &
Traylor 1981] (FMNH 18572, 18608-

18611, 18613, 18621; MCZ 21004 [=
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Fig. 2. Map of the northern Andes showing the distributions of four species of Cryptotis in Colombia and

Venezuela: C. medellinia (closed squares); C. meridensis (dotted open circles); C. tamensis (closed circles); C.

thomasi (closed triangles). Question marks indicate the locations of two reported collections of Cryptotis whose

specific identities are unknown (see text). The 1000 m contour is shown.

FMNH 18616]; USNM 260747 [= FMNH
18612]). Santander. above Surata [7°22'N,

73°00'W—USBGN 1988], 2750 m (LACM
56101). VENEZUELA: Tdchira: Buena
Vista, 7°27'N, 72°26'W, 2380-2415 m
[type locality] (USNM 418566, 418569,

418570, 490534); Paramo de Tama
[7°25'N, 72°26'W—USBGN 1988] (FMNH
18617-18620).

Additional record.—COLOMBIA: San-

tander: Finca El Rasgdn, 6°55'30"N,

73°02'40"W, 2350 m, Vereda La Cristalina,

Municipio de Piedecuesta (MUA no num-
ber).

Etymology.—Tiam(a) + ensis [Latin end-

ing denoting place], "from Tama."

Distribution.—Montane Rain Forest,

Montane Wet Forest, Lower Montane Wet
Forest, disturbed "cloud forest," and pas-

ture margins, from the Tama highlands of

western Tachira, Venezuela, and southeast-

ern Norte de Santander Dept., Colombia, to

northeastern Santander Dept., Colombia
(Fig. 2); known elevational distribution,

2385-3329 m. Also may occur in Lower
Montane Rain Forest and Lower Montane

Moist Forest life zones.

Diagnosis.—A large Ciyptotis with long.
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chocolate-brown dorsal pelage that con-

trasts subtly with paler, olive-brown venter;

moderately long tail, averaging 42% of

head-and-body length; enlarged forepaws

and elongate foreclaws; indistinct lateral

glands. Distinguished within C. thomasi-

group by possessing bulbous dentition; re-

duced U4 (averaging 29% of U3), but hav-

ing four unicuspids visible in lateral view

of cranium; slender Ul—3 with concave

posteroventral margins; low coronoid pro-

cess; short posterior mandible behind m3;

simple M3; often an obvious foramen on

posterior edge of tympanic process of one

or both petromastoids; distinct pigmenta-

tion in protoconal basin (occasionally pale

pigmentation in hypoconal basin) of P3,

Ml-2; shallow inferior sigmoid notch; no

obvious entoconid on m3.

Description.—A large Cryptotis, head-

and-body length averaging 86 mm (Table

1). Tail moderately long, averaging 42% of

head-and-body length (Table 2). Dorsal

hairs about 6-7 mm long. Dorsal pelage

Mummy Brown to Clove Brown; venter Ol-

ive Brown to Buffy Brown; dorsal hairs 2-

banded, with grey base and mid-section,

and 1-1.5 mm brown distal tip. Forepaws

somewhat enlarged (Fig. 3). Foreclaws sim-

ilar to those of C thomasi: elongate, but not

broadened; similar in length to those of C.

phillipsii and C. obscura, but relatively nar-

rower. Lateral glands of males indistinct.

Usually two obvious dorsal foramina

along the suture between the frontals (95%,
n = 19); generally unequal in size (67%).

Typically lacking lateral branch of sinus ca-

nal and associated foramen (see Woodman
& Timm 1999) posterior to the dorsal artic-

ular facet (94%, n = 18); this foramen was
found on only one specimen (USNM
418566), in which it is well developed, but

present only on one side of the cranium. A
foramen often present dorsal to one or both

dorsal articular facets (44%, n = 18); some-

times only on one side (18%, n = 18) of

the cranium; typically minute, but can be

well developed. Typically a foramen on the

posterior edge of the tympanic process of

one or both petromastoids (88%, n = 16

individuals; Fig. 4); typically on both tym-

panic processes (73%, n = 15 individuals);

foramen usually small (71%, « = 24 foram-

ina), but can be medium-sized and obvious

(29%); often varies in size between left and

right sides of a single individual (46%, n =

13; 38% of all individuals have at least one

foramen that is medium-sized or larger, n

= 16; Fig. 4); foramen never as large as in

C thomasi or C. medellinia. Rostrum of

moderate length (PL/CBL = 44.0%). Inter-

orbital area moderately broad (lO/CBL =

23.2%). Zygomatic plate of moderate

breadth in proportion to CBL (9.6%) and

PL (21.9%); anterior border of zygomatic

plate at mesostyle-metastyle valley to me-

tastyle of Ml; posterior border from metas-

tyle of M2 to parastyle-mesostyle valley of

M3, and from about middle to posterior

edge of maxillary process. Palate of mod-
erate breadth for the genus (M2B/PL =

68.0%). Anterior process of petromastoid

low and narrow.

Dentition bulbous. Teeth moderately pig-

mented: dark red to nearly black on tips of

cones, styles, and cristae; pale to medium
pigment typically extends into protoconal

basin (and occasionally into hypoconal ba-

sin) of Ml and M2. Unicuspid toothrow of

moderate length (UTR/CBL = 13.2%); un-

crowded, U4 generally visible in lateral

view of skull (74%, n = 19; Fig. 5). Ul-3
relatively slender and concave on the pos-

teroventral margin. Posterolingual cuspules

typically minute (61%, « = 18) or obvious

(39%) on cingulum of Ul-3. U4 reduced,

averaging 29% the surface area of U3 (Fig.

6). Posterior borders of P4, Ml, M2 only

slightly recessed. Anterior element of ec-

toloph of Ml reduced relative to posterior

element; protoconal basin of Ml about

equal in size to hypoconal basin. M3 gen-

erally appears simple: hypocone usually ab-

sent; postcentrocrista shortened; metacone

minute (50%, n = 16) and often lightly pig-

mented, or absent (50%); reduced hypocone

occasionally present, resulting in a larger,

more squared M3 that appears complex.
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Table 2.—Characters of selected Colombian and Venezuelan Cryptotis.

C. meridensis C. medellinia

Petromastoid foramen present one or both petromastoids

87% 88%
in = 55) (n = 16)

72% both 73% both

28% one 27% one

in = 46) (n = 15)

Postero-lingual cuspules on cingulae of U 1-3

100%

(« = 27)

100% both

78% absent 61% minute 30% absent

22% minute 39% obvious 30% minute

(n = 40) (« = 18) 40% obvious

(n = 10)

U4 lacking

25% 0% 0%
(n = 51) (« = 19) (« = 13)

Size of U4 (% of U3)

19 ± 7% 29 ± 8% 50 ± 9%
(2-37) (12-42) (36-64)

(n = 48) (n = 19) (n = 13)

Emargination of posterior borders of P4, Ml

V. slight V. slight slight to

to slight to slight rrioderate

Complexity of M3
98% simple 50% simple 8% simple

2% minute 50% complex 92% complex

(n = 45) (n = 16) (« = 13)

Lower sigmoid notch

shallow shallow shallow to

v. shallow

Entoconid of m3 present (absent, minute, obvious)

15% minute 32% minute 30% obvious

85% absent 68% absent 70 absent

in = 41) (n = 19) (« = 23)

Relative tail length (TL/HB X 100)

38 ± 4 42 ± 3 29 ± 4

28-49 35-48 21-36

(n = 65) (n = 21) (n = 22)

Relative length of rostrum (PL/CBL X 100)

44.2 ± 0.9 44.0 ± 1.4 43.2 ± 0.6

40.9^5.3 40.2-45.6 42.2-44.3

(n = 35) in = 13) (n = 23)

Relative breadth of zygomatic plate (ZP/PL X 100)

21.2 ± 2.0 21.9 ± 1.4 21.3 ± 1.7

15.8-25.0 19.6-25.0 18.5-25.3

{n = 50) (11 = 17) (" = 27)

Relative breadth of zygomatic plate (ZP/CBL X 100)

9.5 ± 0.9 9.6 ± 0.6 9.3 ± 0.6

7.1-10.9 8.7-10.8 7.8-10.6

(n = 35) (77 = 13) (" = 23)

100%
(n = 14)

100% both

15% absent

70% minute

15% obvious

(n = 13)

0%
(n = 12)

40 ± 9%
(27-53)

in = 12)

V. slight

to slight

73% simple

27% complex

(n = 11)

mod. deep

53% minute

47% absent

(n = 15)

43 ± 6

34-56

(" = 13)

44.3 ± 0.6

43.4-45.3

(77 = 10)

21.2 ± 2.1

17.7-24.0

(n = 10)

9.4 ± 1.0

7.7-10.6

(n = 10)
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Table 2.—Continued.

C meridensis C. tamensis C thomasi C medeUinia

Breadth of interorbital area (lO/CBL)

23.5 ± 0.8 23.2 ± 0.7 23.0 ± 1.0 24.3 ± 0.6

22.0-24.9 22.0-24.4 20.6-24.6 23.3-25.4

(« = 35) (n = 13) {n = 23) (n = 10)

Relative length of unicuspid toothrow (UTR/CBL X loo:)

13.1 ± 0.5 13.2 ± 0.5 13.1 ± 0.5 13.5 ± 0.4

12.2-14.3 12.3-13.9 11.8-14.0 12.9-14.2

(n = 35) (« = 13) (n = 23) (n = 10)

iRelative palatal breadth (M2B/PL x 100)

67.2 ± 2.1 68.0 ± 2.0 66.6 ± 2.5 68.3 ± 2.4

62.5-72.7 64.3-71.0 60.8-70.5 64.5-71.7

(« = 50) (n = 17) (« = 27) (« = 10)

Relative height of coronoid process (HCP/ML x 100)

69.8 ± 2.5 65.0 ± 2.0 66.0 ± 2.2 68.5 ± 2.5

63.4-76.2 62.3-68.1 60.6-70.6 64.3-72.6

(n = 50) ' (n = 17) (« = 27) {n = 17)

Relative length of posterior portion of the mandible (AC3/ML X 100)

81.0 ± 2.6 77.2 ± 1.8 80.9 ± 3.0 75.3 ± 3.0

73.7-86.6 75.0-80.9 71.4-86.8 71.3-78.1

(n = 50) (n = 17) (« = 27) (« = 17)

Coronoid process low (HCP/LM =

65.0%); anterior border joins the horizontal

ramus at a relatively low angle. Inferior sig-

moid notch variable, but typically shallow;

not as shallow as in C nigrescens, in which

the notch typically is absent. Posterior man-
dible behind m3 moderately long (AC3/ML
= 77.2%). Articular process relatively high

and narrow. Third lower premolar long and

low. Entoconid minute (32%, n = 19) or

absent (68%) from talonid of m3.

Humerus similar to that of C. thomasi:

moderately long, robust, slightly curved;

the narrowest portion of the shaft is broader

in anterior aspect than in lateral aspect;

head more or less rounded; proximal and

distal ends broad; medial epicondyle and

teres tubercle prominent (Fig. 7). Compared
to members of the C. nigrescens-group and

C. parva-group, the humerus is shorter rel-

ative to overall body size, more robust, and

more curved, and teres tubercle more cen-

trally located. Posterior edge of the falci-

form process of the tibia deeply pocketed.

Comparisons.—Cryptotis meridensis:

Cryptotis tamensis is most readily distin-

guished by having U4 present, much less

reduced, and typically visible in lateral

view of cranium; lower coronoid process

relative to length of mandible (Table 2); and

shorter posterior mandible (behind m3). In

addition, C. tamensis averages smaller in

head-and-body length (Table 1) and has a

relatively longer tail; more commonly has

an obvious foramen on the posterior edge

of the tympanic process of the petromastoid

(Fig. 4); dental pigmentation tends to be

more extensive (pigment typically darker in

hypoconal basin and more commonly found

in protoconal basin); small posterolingual

cuspule more commonly present (and more
distinct) on cingulum of Ul, U2, or U3; M3
occasionally complex.

Cryptotis thomasi: Cryptotis tamensis is

most immediately and easily distinguished

by its longer tail (Table 2); smaller, less

evenly rounded foramen (when present) on

the tympanic process of the petromastoid

(Fig. 4); and more reduced U4. The new
species also has a relatively longer rostrum
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1 mm

Fig. 3. Ventral views of forepaws of C. tamensis: (A) rigiit forepaw of a fluid-preserved specimen (USNM
490534) showing plantar pads, but with atypically short claws; (B) left forepaw from dried skin (USNM 418570)

showing typically long claws.

and broader palate (Table 2); less emargin-

ate upper dentition; slightly deeper inferior

sigmoid notch; shorter posterior mandible;

less obviously complex M3.
Cryptotis medellinia: Cryptotis tamensis

is most easily distinguished by its shorter

tail (Table 2); smaller, less evenly rounded

foramen (when present) on the tympanic

process of the petromastoid; and more re-

duced U4. It also has a relatively narrower

interorbital area (Table 2); relatively shorter

unicuspid toothrow; relatively lower coro-

noid process; shallower inferior sigmoid

notch.

Results of multivariate analysis.—Princi-

pal components analysis (PCA) of craniom-

andibular variables from C. meridensis, C.

tamensis, and C. thomasi yielded greatest

separation on factors axes 2 and 3 (Fig. 8;

Table 3). The three species overlap each oth-

er to a considerable and similar extent on

both axes, despite the ease with which C.

thomasi can be distinguished from the other

two species using both external and cran-

iomandibular characters (see comparisons).

The broad intersections among the three

groups reflect the generally conservative

shape of the skull within the genus Cryptotis
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Fig. 4. Foramen on the posterior edge of the tympanic process of the petromastoid: (A) posterior view of

cranium, illustrating the location and size of the foramen; (B) a minute foramen in C. meridensis; (C) a small

foramen in C. meridensis; medium foramina in (D) C. meridensis and (E) C. tamensis; (F) a huge foramen

typical of C. thomasi.

in general and among members of the C
thomasi-groxxT^ in particular (note results of

similar analyses for other species of Cryp-

totis in Woodman and Timm 1993, 1999,

2000).

A plot of scores on factor axes 1 and 2

from PCA of C. meridensis and C. tamensis

supports the separation of the two species

(Fig. 9). This plot shows the lack of differ-

ence in overall craniomandibular size (fac-

tor axis 1—Table 4) despite the larger head-

and-body-length of C. meridensis (Table 1).

Instead, the two species are separated by the

combined effects of several, mostly man-
dibular, variables that include HCV, HCP,
and AC3.

Remarks.—Based on the distribution of

unpolarized, shared characteristics (e.g., re-

duction of U4) and on overall similarity, C.

tamensis and C meridensis appear to be

more closely related to each other than ei-

ther is to any other species. This opinion

contrasts with that of Hutterer (1986, 1993)

and Soriano et al. (1999), who inferred that

populations in the region of Paramo de

Tama were conspecific with (hence, more
closely related to) C. thomasi. Cryptotis

thomasi and C. medellinia nearly always

have a very large, rounded foramen on the

tympanic process of both petromastoids (an

apomorphic character within the C. tho-

ma5?-group), and most likely, the two are

sister species.

In commenting on Paramo de Tama,
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1 mm

Fig. 5. Lateral view of upper first incisor and unicuspids of Ciyptotis: (A) fourth unicuspid not readily

visible, typical for C. meridensis; (B) fourth unicuspid visible (arrow), typical for C. tamensis.

where he worked from 12 February to 6

March 1911, Osgood (1912) noted that the

word "paramo" was used to designate the

entire highland area (rather than the open,

high-elevation vegetational formation with

which it is more commonly associated to-

day). In fact, there appears to be no true

paramo vegetation present in this area, and

most specimens were collected in dense

cloud forest:

The large forest trees, all of unfamiliar species, lace

their tops together at an average height of some-

thing over 100 feet. Mists and drizzling rains prevail

a great part of the year and mosses, air plants, and

climbing vines thrive, but the growth in general is

not so profuse as that of the hot tropics. A beautiful

climbing bamboo is exceedingly abundant, and

graceful tree ferns raise their spreading tops at

pleasing intervals (Osgood 1912:36).

Seven of the eight specimens of C. ta-

mensis captured by the Smithsonian Vene-
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B D

1 mm

Fig. 6. Occusal view of unicuspid toothrows of Cryptotis illustrating size variation of U4. Percentages

represent approximate surface area of U4 relative to U3. The U4 of C. tamensis (29 ± 8%) averages larger than

that of C. meridensis (19 ± 7%) and smaller than that of C. thomasi (50 ± 9%): (A) U4 ca. 10% of U3 (C.

meridensis, USNM 579288); (B) 20% (C. meridensis, USNM 579296); (C) 25% (C. tamensis, USNM 418570);

(D) 38% (C. tamensis, FMNH 18621); (E) 49% (C. thomasi, USNM 80906).

zuelan Project at Buena Vista were taken in

cloud forest and one in a cut and burned

pasture bordered on all sides by cloud forest

(N. E. Peterson 1968 field notes, USNM).
Handley (1976:64-65) described Buena
Vista as:

Hilly terrain on north facing slope at head of large,

wide Andean valley. Numerous small (2-6 m wide),

swift, rocky streams; Rio Tachira nearby; occasion-

al swampy and marshy areas. Mature cloud forest

with discontinuous canopy of scattered trees 25-30

m high; subcanopy at 10-15 m, open or closed;

many tree ferns, stilt palms, and thick clusters of

tree bamboo; vines few and thin, or hanging from

trees in abundance; shrub stratum 1 .5 m high; moss

and other epiphytes very abundant on trees and

ground; abundant litter of logs, fallen trees, dead

bamboo, and leaves. Virtually impenetrable clumps

of vinelike bamboo dominant (choking out other

vegetation), scattered throughout the forest, around

fields, and forming thick canopies over streams.

Clearings (formed by cutting and burning forest)

with thick grass and clover, patches of neddielike

rushes, and clumps of ferns, herbs, low shrubs, and

Fig. 7. Anterior aspect of left humeri of Cryptotis: (A) C. orophila (KU 142693), (B) C. meridensis (USNM
385102), (C) C. tamensis (FMNH 18621), and (D) C. thomasi (FMNH 71027).
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Fig. 8. Plot of scores on factor axes 2 and 3 from principal components analysis (PCA) of 18 cranioman-

dibular measurements (Table 3) from C. meridensis, C. tamensis, and C. thomasi.

blackberries. Collecting at upper edge of agricultur-

al clearing (pasture and cropland); cloud forest con-

tinuous on steep slopes from this point up to ridg-

etop paramo, 5 hours' walk distant.

Reproductive data for C. tamensis are

scarce. Gravid females were taken on 2

March (2 fetuses, no measurements, USNM
418565; 1 fetus, CR = 13 mm, USNM
418566) and 8 March (2 fetuses, CR = 19,

USNM 418567). A lactating female was
captured on 25 March (USNM 418570).

Cryptotis meridensis (Thomas, 1898)

Figs. 4-7

Blarina meridensis Thomas, 1898:457.

C[ryptotis]. meridensis: Thomas, 1921:354

(in part).

Cryptotis thomasi meridensis: Cabrera,

1958:48 (in part).

Cryptotis meridensis meridensis: Linares,

1998:106 (in part).

Holotype.—Skin and skull, British Mu-
seum no. 98.5.15.5.

Type locality.
—"Montes del Valle Mer-

ida 2165 m," Merida State, Venezuela. This

locality is from the skin tag attached to the

holotype. Thomas (1898:45) reported the

type locality simply as "Merida, alt. 2165

m." Paynter (1982) equated Montes del

Valle with "Valle" [ca. 8°40'N, 71°06'W].

See his discussion of possible locations;

also may be "Valle Grande," a valley at

8°40'N, 71°08'W (USBGN 1993).

Distribution.—Cloud forest and paramo

in the Cordillera de los Andes in Trujillo,

Merida, and eastern Tachira, Venezuela

(Fig. 2); reported elevational range is 1640-

3950 m. Durant & Pefaur (1984:7) gave the
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Table 3.—Factor loadings for the first three factor axes from principal components analysis of (PCA) of 18

craniomandibular measurements from Cryptotis meridensis, C. tamensis, and C. thoniasi. Variables are listed in

descending order by their loadings on the second axis. Abbreviations of measurements are explained in Table 1.

Correlations

Variable PCI PC2 PC3

AC3 -0.213 0.500 0.028

BAG -0.253 0.330 -0.028

HCP -0.249 0.204 -0.350

ML -0.249 0.187 0.247

CBL -0.284 0.173 0.204

HAC -0.262 0.158 -0.230

HCV -0.212 0.101 -0.496

PL -0.286 0.079 0.080

lO -0.164 0.042 0.142

ZP 0.067 0.023 0.342

TR -0.253 -0.085 0.312

UTR -0.219 -0.103 0.232

MTR -0.279 -0.173 0.158

Lml -0.205 -0.234 -0.034

TRM -0.273 -0.252 0.163

M2B _ -0.259 -0.299 -0.129

UIB -0.217 -0.324 -0.010

MIW -0.196 -0.361 -0.333

Eigenvalue: 9.0633 1.7975 1.3586

Proportion of variation explained: 50.4% 10.0% 7.5%

elevational limits as 1800—3600 m, al-

though they also reported a specimen from

1640 m at Rio Santo Domingo. Otherwise,

the lowest reported records are at 1890 m
at Rio El Chama site E-II and Rio Motatan

site E-II (Durant & Diaz 1995). No subspe-

cies are recognized.

Description.—Among the largest-bodied

Cryptotis, head-and-body length averaging

89 mm (Table 1). Tail of moderate length

for the genus, averaging 38% of head-and-

body length (Table 2). Dorsal hairs about

4—6 mm long. Dorsal pelage Olive Brown,

Mummy Brown to Clove Brown; venter Ol-

ive Brown to Buffy Brown; dorsal hairs 2-

banded, with grey base and mid-section,

and 1-1.5 mm brown distal tip. Forepaws

somewhat enlarged, similar to those of C.

tamensis (Fig. 3). Foreclaws elongate, but

not broadened; similar overall to C. thomasi

and C. tamensis. Lateral glands of males

indistinct.

Usually two well-developed dorsal fo-

ramina (72%, n = 39), typically of similar

size (64%). Usually lacking lateral branch

of sinus canal and associated foramen pos-

terior to the dorsal articular facet (94%, n

= 53); this foramen minute when present,

and may be on only one side of cranium.

Usually no foramen dorsal to dorsal artic-

ular facet (81%, « = 53); when present this

foramina can be well-developed, but is

more typically minute and only on one side

of the skull (70%, n = 10). Typically a fo-

ramen on the posterior edge of the tympanic

process of one or both petromastoids (87%,

n = 55 individuals; Fig. 4); typically on

both petromastoids (72%, n = 46 individ-

uals); foramina usually quite small (80%, n

= 80 foramina), but can be of medium size

and obvious (20%); often varies in size be-

tween left and right sides of a single indi-

vidual (30%, n = 33; 20% of all individuals

have at least one obvious foramen that is

medium-sized or larger, n = 55; Fig. 4);

foramen never as large as in Cryptotis tho-

masi or C. medellinia. Rostrum of moderate

length (PL/CBL = 44.2%). Interorbital area
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Fig. 9. Plot of scores on factor axes 1 and 2 from PCA of 18 craniomandibular measurements (Table 4)

from C. meridensis and C. tamensis.

moderately broad (lO/CBL = 23.2). Zy-

gomatic plate of moderate breadth in pro-

portion to CBL (9.5%) and PL (21.2%); an-

terior border of zygomatic plate at mesos-

tyle-metastyle valley to metastyle of Ml;
posterior border from mesostyle-metastyle

valley of M2 to parastyle of M3, and from

about middle to posterior one-half of max-

illary process. Palate of moderate breadth

(M2B/PL = 67.2%). Anterior process of

petromastoid typically low and narrow.

Dentition bulbous. Teeth moderately

pigmented: dark red to nearly black on tips

of cones, styles, and cristae; pale to me-

dium color often extending into protoconal

basin (but not hypoconal basin) of Ml and

M2. Unicuspid toothrow of moderate

length (UTR/CBL = 13.1%) and uncrowd-

ed; however, U4 generally not visible in

lateral view of skull (73%, n = 44; Fig. 5),

obscured from view by U3 and P4. U4 of-

ten missing on one (19%; n = 51) or both

(6%) sides of cranium; reduced when pre-

sent, averaging 19% the surface area of U3
(Fig. 6); U4 often a simple, slender, round-

ed peg (38%, n = 48), occasionally smaller

in diameter than the root of a neighboring

unicuspid. The tendency to lose U4 is

more prevalent than observed in Ciyptotis

phillipsii (12%—Woodman & Timm
2000). Ul-3 relatively slender and con-

cave on the posteroventral margin. Poster-

olingual cuspules typically absent (81%, n

= 37) from cingulum of Ul-3, or minute

(19%). Posterior borders of P4, Ml, M2
unrecessed or slightly recessed. M3 com-

monly appears simple: hypocone usually

absent (84%, n = 45). postcentrocrista
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Table 4.—Factor loadings for the first two factor axes

from principal components analysis of (PCA) of C. nier-

idensis and C. tamensis. Variables are listed in descend-

ing order by their loadings on the second axis. Abbre-

viations of measurements are explained in Table 1

.

riable

Correlations

Va PCI PC2

HCV -0.188 0.496

HCP -0.232 0.422

AC3 -0.239 0.340

BAG -0.267 0.199

HAC -0.259 0.192

PL -0.270 0.028

IO -0.168 -0.002

Lml -0.208 -0.011

MIW -0.226 -0.034

CBL -0.288 -0.039

ZP 0.117 -0.053

ML -0.267 -0.077

M2B -0.261 -0.154

MTR -0.270 -0.198

UTR -0.211 -0.243

TR -0.237 -0.245

TRM -0.260 -0.305

UIB -0.208 -0.310

Eigenvalue 10.021 1.744

Proportion of

variation explained: 55.7% 9.7%

shortened, metacone absent (76%, n = 34)

or minute (24%).

Coronoid process of moderate height

(HCP/LM = 69.8%). Inferior sigmoid

notch variable, but typically shallow; simi-

lar to that of C. tamensis. Posterior portion

of mandible (behind m3) quite long (ACS/

ML = 81.0%). Articular process relatively

high and narrow. Third lower premolar long

and low. Entoconid of m3 absent (85%, n

= 41) or minute (15%).

Humerus similar to those of C. thomasi

and C. tamensis: moderately long, robust,

slightly curved; the narrowest portion of the

shaft is broader in anterior aspect than in

lateral aspect; head more or less rounded;

proximal and distal ends broad; medial epi-

condyle and teres tubercle prominent (Fig.

7). Posterior edge of the falciform process

of the tibia deeply pocketed.

Comparisons.—Cryptotis meridensis is a

large member of the genus with long, choc-

olate-brown dorsal pelage contrasting sub-

tly with paler, olive-brown venter; moder-

ately long tail; enlarged forepaws and elon-

gate foreclaws. Within the C. thomasi-

group, C. meridensis is distinguished by

having bulbous dentition; absent or reduced

U4 (averaging 19% of U3); U4 not visible

in lateral view of cranium; slender Ul-3
with concave posteroventral margins; high

coronoid process; long posterior mandible

behind m3; simple M3; occasionally an ob-

vious foramen on posterior edge of tym-

panic process of one or both petromastoids;

distinct pigmentation in protoconal basin

(but not hypoconal basin) of P3, Ml-2;
shallow inferior sigmoid notch; no entoco-

nid on m3.

Cryptotis thomasi: Cryptotis meridensis

is most readily distinguished by its longer

tail (Table 2); and smaller foramen (when

present) on the tympanic process of the pe-

tromastoid; absent or more reduced U4; and

relatively higher coronoid process. Crypto-

tis meridensis averages larger in head-and-

body length and has a relatively longer ros-

trum and broader palate; less extensive dis-

tribution of dental pigmentation (in C tho-

masi, the protoconal basin and hypocone

typically are darkly pigmented, and the hy-

poconal basin has pale- to medium-red pig-

mentation); slightly deeper lower sigmoid

notch; less complex M3.
Cryptotis medellinia: Cryptotis tneriden-

sis is most easily distinguished by its short-

er tail (Table 2); smaller foramen (when

present) on the tympanic process of the pe-

tromastoid; more reduced or absent U4; and

relatively shorter posterior portion of the

mandible. It averages larger in head-and-

body length; has a relatively narrower in-

terobital area; relatively shorter unicuspid

toothrow; shallower inferior sigmoid notch.

Remarks.—Durant & Pefaur (1984) not-

ed differences in pelage color and texture

between a series of C. meridensis from high

elevation paramo (3300-3600 m) and those

from cloud forest (1640-2500 m). They de-

scribed the former as having longer, softer,

paler, two-banded hairs on the dorsum and
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a distinctly paler venter than dorsum.

Shrews from cloud forest had shorter,

coarser, unicolor dorsal hairs with more

uniform dorsal and ventral coloration. So-

riano et al. (1990) were unable to corrob-

orate these differences. Among the dried

skins I inspected, specimens from paramo

and "Coloradito" (see below) vegetational

associations typically had long (6-7 mm),

pale dorsal hairs and a paler venter. Indi-

viduals from cloud forest and disturbed

cloud forest included individuals with

shorter (4-5 mm), darker dorsal hairs and

less contrast between the dorsum and ven-

ter, but also included individuals indistin-

guishable from paramo and Coloradito

specimens. I had insufficient specimens to

determine whether the variation might be

attributable to seasonal changes in the en-

vironment. Overall, the differences in pel-

age are subtle, and variation in coloration

among museum specimens may be con-

founded by foxing and molt.

Cryptotis meridensis primarily occupies

cloud forest and paramo vegetational as-

semblages, in which it is relatively abun-

dant. Four of the 13 specimens of C. mer-

idensis captured by the Smithsonian Vene-

zuelan Project were taken in cloud forest,

four in disturbed (previously burned) cloud

forest, one in a thicket of bamboo and low

trees bordering Quebrada Mucuy, one in

previously burned cloud forest-paramo

transition, and three in paramo (N. E. Pe-

terson 1966 field notes, USNM). These re-

cords came from three Holdridge life zones:

Lower Montane Moist Forest, Montane
Rain Forest, and Subalpine Paramo (Han-

dley 1976). Similarly, Durant & Diaz

(1995) recorded C. meridensis at five sites

in paramo. Montane Rain Forest, and Low-
er Montane Rain Forest. Aagaard (1982)

found C. meridensis to be most abundant in

Subalpine Paramo, Subalpine Rain Paramo,

and a vegational assemblage he identified

as "Coloradito," consisting of stands of ar-

borescent Polylepis sericea and Espeletia

humertii in sheltered areas sunounded by

paramo vegetation. In these three assem-

blages, shrews were the most common or

second most common species of small

mammal captured using Museum Special

mouse traps and Victor rat traps during a

nine-month period. Individual shrews also

were taken in Montane Wet Forest and

Lower Montane Wet Forest, but not in

Montane Rain Forest. Diaz de Pascual

(1993, 1994) found C. meridensis to aver-

age second most common of eight species

of small mammals taken in pitfall traps dur-

ing during the first four years of a study in

cloud forest at Monte Zerpa.

Durant & Diaz (1995) showed two cap-

ture peaks during the year, in March-April

and September—October, coinciding with

the time periods leading up to biannual

peaks in rainfall in many parts of the Ve-

nezuelan Andes (April-May and October;

see Diaz de Pascual 1994, Durant & Diaz

1995:89, 90, table 5, fig. 3; Aagaard 1982:

7, fig. 1). The two peaks in abundance of

C. meridensis suggest two periods of repro-

duction and/or two periods of increased ac-

tivity during the two seasons of greatest

rainfall. In contrast, Aagaard (1982) report-

ed significantly more captures of C. meri-

densis in dry months [January (« = cap-

tures), February (15), March (7), July (5),

August (2)] than in wet months [April (6),

May, (0), June (0), September (0)].

Little has been reported on reproduction

in C. meridensis. A lactating female

(USNM 385106) was captured on 15 April

1966 at Middle Refugio. Non-gravid fe-

males have been taken in February {n = 5),

March (n = 5), April {n = 4), July {n = 2),

and August {n = 2). Aagaard (1982) re-

ported one gravid female from 16 July (4

fetuses, crown-to-rump-length = 1 1 mm).

Based on testes sizes, he suggested that

males were sexually active during both wet

and dry months.

Specimens examined (62).—VENEZUE-
LA: Merida: near Laguna Mucubaji [ca.

8°48'N, 70°48'W—Paynter 1982], 3600 m,

3.25 km ESE of Apartaderos (USNM
579287-579298); near Laguna Negra [ca.

8°48'N, 70°46'W—Paynter 1982], 3500 m.
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5.75 km ESE of Apartaderos (USNM
579273-579286); Paramo de [La] Culata

[ca. 8°45'N, 71°05'W—Paynter 1982],

9000 ft, Rio Mucujun (FMNH 21837,

21838); Monies de La Culata [La Culata,

ca. 8°45'N, 7 1°05'W—Paynter 1982], 2000

m, Merida (BMNH 98.7.1.13); Rio Mucu-
jun [8°45'N, 7r04'W—from map], 9000-

12,500 ft [Osgood & Conover 1922:23]

(FMNH 21839, 21840, 21842, 21844;

BMNH 29.11.7.16 [= FMNH 21841];

USNM 260756 [= FMNH 21843]); Montes

del Valle [ca. 8°40'N, 7 1°06'W—Paynter
1982], 2125-2165 m, Merida (BMNH
98.7.1.11, 98.7.1.12, 98.5.15.5—holotype);

Paramo Tambor [at Hacienda La Carbonera

(8°38'N, 7 1°32'W—Paynter 1982), near

head of a western branch of Rio Guachi

(Osgood & Conover 1922:23)] (FMNH
21845); near Santa Rosa, 8°38'N,

71°09'30"W, 1980-1990 m, 1 km N, 2 km
W of Merida [reported as "1-2 km N Me-
rida" by Handley 1976:83; Handley (1976:

10) incorrectly reported USNM 385110 as

from "La Carbonera, 12 km SE La Azulita,

1990 m"] (USNM 385110-385112); near

La Mucuy [8°38'N, 71°02'30"W—from
map], 2450 m, 2.9 km E of Tabay (USNM
579305); area 37, 8°37'00"N, 71°01'30"W,

2630 m, near Middle Refugio, 2 km S, 5.5

km E of Tabay [reported as "5 to 9 km SE
and ESE Tabay," and "6 km ESE Tabay"

by Handley 1976:10, 77] (USNM 385106);

Merida [8°36'N, 7 1°08W—Paynter 1982],

2165 m (USNM 94165— "paratype

0[ldfield] T[homas]" written on skin tag);

La Montana, 2250 m, 3.1 km SE of Merida

(USNM 579307); La Aguada, near Laguna
La Fria [Paramo La Fna, ca. 8°36'N,

71°02W—Paynter 1982], 3600 m, 7 km SE
of Merida (USNM 579299-579304); near

Loma Redonda cable car station, 4100 m,

8.8 km SE of Merida (USNM 579306); El

Tambor [Paramo Tambor, 8°36'N,

7 1°24'W—Paynter 1982], 8800 ft (AMNH
96156-96158); Paramo de los Conejos [ca.

8°35'N, 71°14'W—from map], 9600 ft

(AMNH 96159); La Coromoto, 8°35'45"N,

71°01'W, 3160-3175 m, 4 km S, 6.5 km E

of Tabay [reported as "5 to 9 km SE and

ESE Tabay," and "7 km SE Tabay" by

Handley 1976:10, 75] (USNM 385101,

385104); near Laguna Verde, 8°34'30"N,

71°00'30"W, 3533-3545 m, 7.5 km E, 6 km
S of Tabay [reported as "5 to 9 km SE and

ESE Tabay," and "9 km SE Tabay" by

Handley 1976:10, 76] (USNM 385102,

385103, 385105).

Additional record?.?.—VENEZUELA:
Merida: Rio Motatan site E-I, 8°49'N,

70°59'W, 3890 m (Durant & Diaz 1995);

Paramo de Mucubaji', 8°48'06"N,

70°48'57"W, 3420-3800 m, Distrito Rangel

(Durant & Pefaur 1984); Rio Chama site E-

L 8°48'N, 70°48'W, 3950 m (Durant & Diaz

1995); Monte Zerpa cloud forest, 8°37'N,

71°10'W, 2000-2800 m. Sierra del Norte de

La Culata (Diaz de Pascual & de Ascen9ao

2000); area 51, 8°37'45"N, 71°01'30"W,

2640 m, near Middle Refugio, 1 km S, 5

km E of Tabay [reported as "5 to 9 km SE
and ESE Tabay" and "6 km ESE Tabay"

by Handley (1976:10, 77)]; Rio Chama site

E-n, 8°36'N, 71°10'W, 1890 m (Durant &
Diaz 1995); Right bank of the Rio Santo

Domingo, 1640 m, near Quebrada de la

Virgen, km 36 of the Apartadero-Barinas

Highway, Distrito Rangel (Durant & Pefaur

1984). Merida-Tachira border. Rio Esca-

lante site E-I [ca. 8°18'N, 7r55'W], 2600

m. Paramo de Marino (Durant & Diaz

1995). Trujillo: Rio Motata'n site E-H,

9°05'N, 70°39'W, 1890 m (Durant & Diaz

1995); Parque Nacional General Cruz Car-

rillo (Guaramacal), ca. 2200-3100 m (So-

riano et al. 1990).

Relevant Additional Records of Shrews

from Venezuela and Colombia

Two records of Cryptotis from Venezuela

and Colombia are noteworthy here because

of their vicinity to the known distributions

of C. meridensis and C tamensis. Both re-

cords are based on individuals preserved as

a skull without skin or skeleton. I have not

had the opportunity to inspect either spec-

imen. The two collection localities are rep-
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resented on the map in Figure 2 by question

marks. It is possible that these two records

may provide geographic range extensions

of known species as defined herein, or one

or both may be undescribed taxa. Each pop-

ulation represented by these records will re-

quire study of a large series of complete

specimens to adequately document local

variation in characters and to correctly es-

tablish its relationship with other South

American species.

Ojasti & Mondolfi (1968) reported a sin-

gle specimen identified as ''Cryptotis tho-

masi meridensis'' from a forested area near

El Junquito (10°28'N, 67°05') in the coastal

highlands west of Caracas. This locality is

separated from the main distribution of C.

meridensis in the Cordillera de los Andes
by an expanse of more than 300 km. In be-

tween are extensive lowlands below 500 m
occupied by Tropical Dry Forest (Ewel et

al. 1965, Ewel & Madriz 1968) that cur-

rently present a barrier to dispersal for An-

dean shrews. No description, photograph,

or illustration of the specimen was provid-

ed, making it difficult to conjecture as to

the identity of the population it represents.

The specimen is reposited at the Museo de

Biologia, Universidad Central de Venezue-

la.

Duarte & Viloria (1992) reported a spec-

imen of ''Cryptotis thomasV from the vi-

cinity of Cerro Pintado (10°24'N, 72°53'W)

in the Sierra de Perija, northeastern Cordil-

lera Oriental, Colombia. Cryptotis tamensis,

C. thomasi, and C. colombiana are the only

species known to occur in the Cordillera

Oriental. The closest record of a shrew to

this locality is that of C tamensis from Par-

amo de Tama, which is more than 300 km
south of Duarte & Viloria's (1992) collec-

tion site. Photographs of the skull accom-

panying the report are unclear, and most

characters are indistinct. However, the

shape of the mandible, particularly at the

junction of the coronoid process with the

horizontal ramus, strongly suggests that it

is a member of the C thonuisi-group rather

than the C ni^rescens-group . This charac-

ter, together with the large size of the spec-

imen, indicate that it is unlikely to be C.

colombiana. The specimen appears to lack

the very large foramen on the tympanic

process of the petromastoid, an absence that

would rule out both C. colombiana and C.

thomasi. The low elevation (2100 m) at

which the specimen was discovered, the

depth of lower sigmoid notch, and the short

posterior portion of the mandible also sug-

gest that it is not C. thomasi. The specimen

from Sierra de Perija thus may represent C.

tamensis. However, if measurements I ob-

tained from the photographs are correct, the

specimen has a relatively shorter zygomatic

plate and a relatively broader palate and in-

terorbital area than any measured specimen

of either C tamensis or C. thomasi. The

specimen is in the collection of the Museo
de Biologia, Universidad del Zulia

(MBLUZ M-105).

The two records from Sierra de Perija

and El Junquito exemplify the continued

poor state of knowledge of South American

shrews, and they communicate the need for

more complete mammalian surveys even

near well-populated areas. Regardless of

whether the occurrence of shrews in the

coastal highlands of Venezuela represents

dispersal or vicariance, it testifies to their

ability at some time in the past to negotiate,

or even inhabit, lowlands that are currently

inhospitable. It also hints at the probability

that shrews may be found in suitable habi-

tats elsewhere in the region, where they

should be sought using appropriate meth-

ods. For example, the presence of Cryptotis

in northernmost portion of the Cordillera

Oriental, less than 100 km from the isolated

Sierra Nevada de Santa Marta, suggests an-

other place where shrews are likely to be

discovered.
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Current diversity, historical analysis, and biotic integrity of fishes in

the lower Potomac basin in the vicinity of Plummers Island,

Maryland—Contribution to the natural history of Plummers Island,

Maryland XXVII

Wayne C. Starnes
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Raleigh, NC 27606, U.S.A., wayne.starnes@ncmail.net

Abstract.—The Plummers Island, Maryland, area has one of the more inten-

sively studied biotas in the world. Abundant historical data on fishes of the

Potomac River and tributaries, dating from the late 1800s and vouchered by

museum specimens, in combination with sampling conducted in this investi-

gation and by other recent investigators, has facilitated a definitive historical

analysis of fish diversity in the region. Extensive changes in the integrity of

that fauna through both extirpation of native species and addition of non-na-

tives are documented. Eighty-six species have been recorded from the study

area. It had a moderately diverse native fish fauna of 56-61 species of which

40 maintain viable populations today. Up to 30 non-native species were nat-

uralized in the area for a time, or repeatedly introduced, and 22 remain. Enig-

matic distribution patterns in the Fall Line ecotonal area may owe to a com-
bination of gradient profiles in tributaries and Pleistocene history. There are

indications that the C & O Canal may have played a role in dispersal of lowland

species through and beyond the study area. These complex distributions have

implications regarding the applicability of regional indices of biotic integrity

criteria to studies of these streams. Sampling protocols and indices of biotic

integrity, strongly based in historic data and tailored to individual streams, were

devised to provide an easily repeatable method for present and future moni-

toring of fish assemblages and assessing stream health in Potomac tributaries

in the study area. Those indices currently indicate depressed biotic integrity in

these streams and generally corroborate declines documented in the historical

analysis. It is recommended that these sampling procedures be repeated at

future dates to monitor trends and to provide guidance for environmental plan-

ners.

Thanks to the attention, efforts, and sup- land and in the surrounding area. These ef-

port of the Washington Biologists' Field forts had yielded 350 publications on the

Club (WBFC), the biota of the Plummers flora and fauna of the island's vicinity by
Island area, lying at the periphery of the 1968 and several more have ensued to pre-

Club's home in the District of Columbia (D. sent. Among these are the 26 numbered
C), is among the most intensively studied contributions in the Biological Society of

and best documented in the world. Manville Washington's Proceedings and Bulletin to

(1968) recounted the Club's early history, which this contribution is added,

which began in 1900, and its efforts to ac- Among the early contributions was that

quire and preserve Plummers Island and to of McAtee & Weed (1915) providing the

promote studies of the biota both on the is- first list of fishes in the vicinity. McAtee
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(1918) published maps and information of

value in pinpointing local names used in

conjunction with numerous fish collections

in the U.S. National Museum of Natural

History (USNM) of late 1800s and early

1900s vintage. The second work specifical-

ly treating fishes of the Plummers Island

area was that of Manville (1968) who listed

all vertebrates known for the vicinity. His

accounts provided a synopsis which includ-

ed a relatively uncritical recapitulation of

McAtee & Weed's (1915) listings as well

as two other early contributions to the

knowledge of fishes occurring in the D. C.

area (Smith & Bean 1899, Bean & Weed
1911). It also included previously unpub-

lished collections made in tributaries in

Montgomery County, Maryland, near

Plummers Island by R. R. Miller, J. Simon,

and J. R. Alcorn during 1944 which yielded

the only glimpse of fish occurrences for a

period of several decades. Other important

contributions, not treated by Manville,

which lend insight to the history of occur-

rences of fish species in the lower Potomac

area, were the early compilation of Uhler &
Lugger ( 1 876) and later works of Radcliffe

& Welsh (1916) and Fowler in Truitt et al.

(1929). Aside from the aforementioned col-

lections of Miller et al. in 1944, there was
little effort to document the fish fauna of

the lower Potomac area until the 1970s

when a number of area agencies undertook

studies of the Potomac and various area

tributaries. A number of reports ensued

over the following twenty or more years

which were not published in the primary

literature but are incorporated, as critically

as possible, herein. Of course, some of the

area has been subjected to heavy urbani-

zation and drastic alterations over the more
than a century spanned by all of the above

contributions.

In 1995, the WBFC commissioned the

present study. It attempts to analyze the his-

tory of occurrences over the past 1 25 years

or more as well as document recent occur-

rences. It also provides a measure of the

current biotic integrity of tributary fish pop-

ulations at selected sites in the vicinity.

These are intended to provide sound bases

for future replications of these studies to fa-

cilitate relatively rigorous analyses of

changes or trends in species occurrences,

community compositions, and stream health

in the area.

Study Area

Both McAtee & Weed (1915) and Man-
ville (1968) delineated the study area for

fishes of the Plummers Island vicinity more
broadly than investigators of other floral or

faunal groups. While studies of other

groups had been confined to the island and

the WBFC's adjacent holding near the

mouth of Rock Run on the river's Maryland

shore, these fish studies were expanded

both up and down river with Plummers Is-

land situated about midway within the

reach (Fig. 1). They included the reach of

the Potomac from Great Falls to Little Falls,

the adjacent C & O Canal, and lower por-

tions of several tributaries entering that

reach. Those tributaries were Turkey, Dead,

Scott, and Difficult (mouth only) runs on

the Virginia versant of the river and Cabin

John and Rock runs on the Maryland ver-

sant. All are located within Fairfax County,

Virginia (VA) and Montgomery County,

Maryland (MD). Unfortunately, despite

maps delineating the previous study area

(McAtee & Weed 1915 pi. I and Manville

1968 fig. 3), stated localities given for trib-

utary collections are vague, both in the

written report and with collections in

USNM. It is difficult to discern how far

those tributaries were ascended for survey-

ing. This presents some problems in com-

parisons with present-day fish occuirences.

In the present study, the above streams

were revisited but the scope was consider-

ably expanded to include headwater reach-

es. It also includes several sites in the large

Difficult Run system and, Bullneck Run
(Fig. 1), a small Virginia tributary omitted

by McAtee & Weed. Headwater stations

were omitted in the case of Turkey and
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Fig. 1. Map of Plummers Island and vicinity expanded study area, Montgomery County, Maryland, and

Fairfax County, Virginia. Inset delineates approximately the scope of study areas of McAtee and Weed (1915)

and Manville (1968). Black triangles denote IBI sample sites for fishes in current study. Numbers denote locations

on those tributaries with multiple sampling sites as described in Field Methods.

Bullneck runs because of their limited

lengths and relatively homogeneous habitat

throughout. The headwaters of Scott Run
were not examined because of lack of ac-

cessibility due to urbanization. The C & O
Canal suffered damage from flooding near

the time of the survey and plans to conduct

later surveys in 1996 were completely

thwarted by tremendous flooding and dam-
age that necessitated draining of the canal.

It therefore was not included in the study.

The study area, which includes approxi-

mately 293 km- of tributary watersheds, is

situated in the Fall Zone at the interface of

the eastern division of the Piedmont and the

Coastal Plain physiographic provinces but

lies entirely just above the Coastal Plain per

se. Here, the surface geology at the Pied-

mont's eastern margin is dominated by De-

vonian formations of metamorphosed sedi-

mentary rocks, particularly shales, siltstone,

schist, and gneiss, with some localized belts

of intrusive Paleozoic granitic and igneous

rocks (Crowley et al. 1971). Watersheds in

the study area are underlain chiefly by the

Wissahicken formation, composed of mi-

caceous and chloritic schist.

In this zone, the Potomac River has cut

a gorge of considerable depth, particularly

on the Virginia versant where scarps and

slopes may exceed 100 m vertical relief.

The river consists of series of falls and tu-

multuous rapids with intervening reaches of

deep, swift channels and some calmer back-

waters. Substrates of the river consist of ex-

tensive bedrock, angulate boulders, with

some reaches of gravel or silty sand. Root-

ed vegetation is abundant in shallow areas.
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Flows over the past decade have ranged

widely from extreme lows of near 28 cms
to highs of 7793 cms following Hurricane

Fran in 1996. In lower flow periods water

clarity is generally murky as a manifesta-

tion of relatively high primary productivity.

Turbidity is high during periods of in-

creased flow (see sediment load data be-

low). Maximum water temperatures in the

expansive and exposed channel may exceed

32°C in summer. Despite warm tempera-

tures and demands of productivity, dis-

solved oxygen remains high (7-15 mg/1)

due to the extensive turbulence in the reach.

The salient feature of this reach is Great

Falls, at the upper terminus of the study

area, which descends some 27 m in little

over 2 km with a 12 m plunge at one point

(Stevenson, 1899). It is a formidable barrier

to upstream movement of fishes and has no

doubt marked the limits of migration for

several anadromous species for eons. Little

Falls, 14 km downstream at the lower ter-

minus of the study area, was a much less

formidable structure, with irregular cas-

cades of 1 m or less in its natural state. In

that state, it was apparently only somewhat
of an impedance to some migratory species

but a complete barrier to others. According

to Nichols (1968), this barrier was made
more formidable by the construction of a

boulder diversion dam in 1831 to shunt wa-

ter to the C & O Canal, though breaks en-

sued over the years which probably per-

mitted fish passage. In 1949, a concrete cap

of this dam was completed negating most

fish passage except in times of very high

flows. In 1959, Brookmont Dam, with a

vertical relief of nearly 3 m, was construct-

ed above the former structure and a fishway

was constructed in an attempt to facilitate

traversal of both the old and new structures

by anadromous fishes. This fishway has not

proven successful and a modified design is

soon to be completed in hopes of reestab-

lishing stronger runs of American Shad and

Striped Bass (B. P. Yarringtion, Federal En-

ergy Regulatory Commission, pers.

comm.).

Adjacent to the Potomac, on the Mary-
land shore, the C & O Canal was completed

between Georgetown, D.C., and Seneca,

Maryland, by 1831 (Appendix III: C & O
Canal Assn.). This canal, averaging 15 m
in width and provided with locks, created a

large conduit of slackwater habitat that cir-

cumvented and surmounted the entire Fall

Zone reach of the Potomac. It remains in

existence today, though it has been sub-

jected to frequent flood damage and drain-

ings over the years. The utility of canals as

dispersal pathways has been debated (e.g.,

Daniels 2001). Evidence of the efficacy of

the C & O in this regard is analyzed below.

Turning to tributary streams in the study

reach, the distinctive feature of these

streams is their precipitous descent, up to

35 m, into the gorge over the lower kilo-

meter or so of their courses, particularly on

the Virginia shore. The lower reaches (0.2-

1.0 km) of all tributaries consist of high

gradient rapids, small falls, and short runs

and pools with substrates dominated by

bedrock and boulders. The relatively short

(2-3 km) Turkey and Bullneck runs (Fig.

1), small order tributaries with watersheds

of only about 4.0 km^ each, are character-

ized by such habitat over much of their

length. Dead, Scott, and Rock runs are

slightly larger (6.8,13.3,12.5 km^) streams

with much of their drainage areas lying out-

side the gorge. They are of relatively lower

gradient over much of their courses with

alternating gentle riffle and pool habitat and

extensive areas of softer substrates, such as

sand, gravel, silt, and detritus. These char-

acteristics also apply to Cabin John Run (49

km^) and much larger Difficult Run system

(203 km2).

It is not the intent of this report to delve

in detail into physical/chemical water qual-

ity measurements of study area tributaries

but rather to let the composition of fish

communities make statements. Physical/

chemical characteristics of these streams

have been well studied by aiea agencies.

However, a brief history of water quality is

incumbent because of discussions of chang-
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es in species compositions and biotic integ-

rity that will ensue. Today, basic physical/

chemical characteristics of tributaries are

not substantially out of the ordinary. Dis-

solved oxygen levels are generally good

with saturation exceeding 80%; pH is near

neutral, turbidity is low much of the year,

and summer water temperatures generally

do not exceed 23°C. However, these gen-

eralizations belie problems that have

plagued most area streams following Eu-

ropean settlement. Prior to that period, the

heavily forested watersheds and underlying

schistose rocks, which are low in nutrients,

would generally predict cool maximum
temperatures, near neutral to slightly acidic

pH, and chemical profiles fostering modest

productivity. The history of European set-

tlement and subsequent development in the

study area is long and significant impacts

probably exceed well over two centuries.

First to come was clearing of forests and

agriculture resulting in erosion and silta-

tion. Ferguson (1876) reported that numer-

ous Maryland streams had already been

decimated for many years by mid 1800s.

Later, suburban development began west of

the District of Columbia and began to great-

ly accelerate by the 1940s. However, some
portions of the riparian areas bordering trib-

utary streams in the study area were pre-

served as green belts and the lower reaches

lie within the narrow national parklands

bordering the Potomac.

Land use configurations vary among trib-

utaries. In Maryland, 80% or more of the

riparian areas of the Cabin John and Rock
runs systems are narrowly to broadly for-

ested but the vast majority of the water-

sheds are urbanized (Appendix IIL Mont-
gomery Co. Stream Protection Strategy).

Forestation ranges widely from 3-40%
among tributaries. Impervious surfaces av-

erage about 20% in these areas, promoting

excessive runoff and expediting flow of non

point source pollutants to streams, and

lawns comprise 50-70% of watershed area

constituting an extensive source of chemi-

cal pollutants and nutrient (e.g., fertilizers)

loads. In Virginia, Dead and Scott runs

have similar configurations while shorter

Bullneck and Turkey runs lie mainly in pro-

tected forests. Headwater tributaries of the

large Difficult Run system lie principally in

wooded areas whereas the lower course and

much of the tributaries received in its lower

reaches traverse residential areas with land-

use characteristics more similar to Mary-
land tributaries.

Water quality has suffered greatly at

times over the last several decades. For in-

stance, in 1974, water quality of Cabin John

Run was rated as poor with high biochem-

ical oxygen demand, high phosphate, and

high fecal and total coliform counts based

on Montgomery County Department of En-

vironmental Protection data. In 1996, that

agency's indices of biotic integrity (see

Methods below) indicated marginal to sub-

optimal conditions at all stations in this wa-

tershed (Appendix III: Montgomery Co.

Dept. Environ. Protection) as did those

from Rock Run which had registered ex-

cellent water quality in 1974, indicating de-

clines in water quality over the past 20

years.

The mainstem Potomac River passing

through the study area has endured a long

history of pollution. Degradation of the Po-

tomac first stemmed from heavy sediment

loads connected with the above-mentioned

extensive clearing and heavy agricultural

development within its watershed in the

18th and 19th centuries. These were fol-

lowed by impacts from industrial wastes,

particularly downstream from the Shenan-

doah Valley area. This period saw the first

effects of sediment and chemicals from

mine drainage of the extensive coalfields of

the upper Potomac watershed and the ill-

treated municipal wastes of many towns

(Appendix III: Alliance for Chesapeake

Bay). Improved farming practices dimin-

ished erosion over the past several decades,

permitting some improvement in water

quality, though the combined effects of all

impacts probably reached their peak in the

1950s and 1960s (Appendix III: Interstate
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Commission Potomac River Basin). With

the implementation of much improved sew-

age treatment and curtailment of other det-

riments, the Potomac has steadily improved

in water quality since those decades, though

episodic influxes of heavy silt and associ-

ated pollutants remain a problem (e.g., Ator

et al. 1998). Water quality parameters as-

sociated with domestic and municipal sew-

erage (total phosphates, ammonia, organic

nitrogen, and others) register marked im-

provement since 1979. Sediment transport

loads through the study area vary widely

from 50 tons/day through much of year to

influxes of 70,000 tons/day during peak

flows in the 1990s (Lizarraga et al. 1998).

About one million tons annually enter the

study reach; most is transported to the tidal

Potomac but lower-velocity areas within the

reach receive significant sedimentation. As-

sociated with this, pesticides persist in eas-

ily detectable amounts, as do levels of mer-

cury and polychlorinated biphenyls (e.g.,

Gerhart & Blomquist 1996, Zappia & Fish-

er 1997). Despite this, with the above his-

tory in view, water quality of the Potomac

above D.C. may be the best that it has been

since at least the earlier part of the 20th

century.

Methods

Current and historical diversity of the

study area was ascertained through compi-

lation of fish records from historical litera-

ture and museum specimens, agency re-

ports, and surveys conducted by the inves-

tigator in 1995. No literature or faunal sur-

vey records were uncritically accepted in

the absence of voucher specimens or cor-

roborated occurrences. Much of the vouch-

er material from earlier surveys of the study

area is deposited in the U.S. National Mu-
seum of Natural History (USNM) while

vouchers from the 1995 study reside in the

North Carolina State Museum of Natural

Sciences (NCSM 26953-27020). Additional

museum abbreviations follow Leviton et al.

(1985) except USMF is Frostburg State

University, Frostburg, Maryland.

Field methods.—Study sites in tributaries

in the study area were rigorously sampled

to facilitate both the overall faunal analysis

and analyses of biotic integrity (below). No
attempt was made to quantitatively sample

the main Potomac River because the bound-

less nature and ruggedness of the habitat

negated possibilities of effective sampling

in a confined area with the available gear.

However, considerable effort was expended

in sampling the river about Plummers Is-

land with 3- and 8-m seines in an attempt

to qualitatively investigate fish occurrences.

I relied primarily on agency surveys using

more effective gear for fish occurrence data

in the main river.

Where appropriate and practical, sample

sites were selected in both headwater and

lower reach portions of tributary streams in

order to accommodate differences in spe-

cies composition related to longitudinal zo-

nation, stream order, or intrabasin variation

in water quality. The seven tributary stream

systems in the study area were sampled at

a total of 13 sites (Fig. 1) in 1995. Coor-

dinates (derived from 3-D TopoQuads soft-

ware, 1999, DeLorme Corporation, Yar-

mouth, Maine, U.S.A.) are given to facili-

tate precise relocation of sites. In Fairfax

Co., VA, locales and dates were: Turkey

Run just above George Washington Park-

way (38°57.7680'N, 77°09.4740'W) 6 Jun

1995; Dead Run (2 sites), 1) just above

George Washington Pai'kway (38°57.8040'N,

77° 1 0.4400'W) 7 Jun 1995 and, 2) 100 m
below Churchhill Rd. (38°56.7252'N,

77°10.9798'W) 6 Jun 1995; Scott Run 20 m
above Hy. 1-495 off Old Dominion Rd.

38°56.7636'N, 77°12.1050'W) 6 Jun 1995:

Bullneck Run 0.7 km above mouth
(38°57.9300'N, 77°12.8760'W) 20 Jun

1995; Difficult Run system (4 sites), 1)

Difficult Run at Leigh Mill Rd. immediately

downstream of bridge (38°58.2930'N,

77°16.1748'W) 7 Jun 1995, 2) 100 m
above Hunters Mill Rd. (38°55.8060'N.

77°18.3432'W) 30 Jun 1995. 3) off Miller



VOLUME 115, NUMBER 2 279

Heights Rd. 1.2 km below Fox Mill Rd.

crossing (38°53.1462'N, 77°19.8642'W) 25

Jun 1995, and 4) Litde Difficult Run 100

m above Stuarts Mill Rd. (38°54.5340'N,

77°21.1764'W) 30 Jun 1995. In Montgom-
ery Co., MD, these were: Rock Run (2

sites), 1) 100 m above MacArthur Blvd.

(38°58.6050'N, 77°11.007'W) 30 Aug
1995, and 2) immediately above Oaklyn

Rd. (39°00.2244'N, 77°12.8424'W) 7 Jun

1995; Cabin John Run system (2 sites), 1)

Cabin John Run 150 m above MacArthur
Blvd (38°58.4142'N, 77°08.9664'W) 20 Jun

1995 and 2) Old Farm Cr. 150 m
above Cabin John Run (39°02.0256'N,

77°09.1554'W) 30 Aug 1995.

At each sampling site, a 30 m reach of

stream was selected. These generally in-

cluded two riffle/pool segments, except for

the large lower Cabin John and Difficult

Run sites which contained one each, and all

sites featured ample representation of all

basic habitat types—riffle, run, pool, and

undercut banks. Reaches were sealed off at

both ends with seines and sampled by re-

peated passes of backpack electroshocker,

dipnets, and seines with an aim at total re-

moval of all fish from the area in order to

gain the most thorough qualitative results.

Fish were held alive in numerous buckets

while sampling continued until no further

fish could be located. At completion of

sampling, fish were identified, measured,

divided into size groups to facilitate age

structure analysis, and counted. Most fish

were released but vouchers of all species

were retained.

Indices of biotic integrity.—To facilitate

future comparative studies of fishes in the

Plummers Island area, indices of biotic in-

tegrity, or the IBI (Karr 1981, Fausch et al.

1984, Karr et al. 1986, Leonard & Orth

1986, Angermeier & Schlosser 1987, Plaf-

kin et al. 1989, and others), were derived

from the data afforded by the above sam-

pling. This application provides a repeat-

able method by which future investigators

can revisit the 1995 study sites and approx-

imately replicate the sampling and data

treatment of the initial study. In general,

these indices are derived by application of

metrics, which, in most studies, are related

to species composition, trophic composi-

tion, and fish condition. Other pertinent

ecological or life history information may
be considered in analyzing the community

composition at a given site. Observed val-

ues are compared to values expected in the

absence of degradation. Expected values

may be based on knowledge of former fish

distribution and regional biogeographic

considerations as well as drainage basin

size. High scores indicate greater biotic in-

tegrity, i.e., attributes similar to that of least

disturbed assemblages (Smogor & Anger-

meier 1999b).

Several IBI investigations from the

Maryland-Virginia region, including some
aimed at laying foundations for future re-

gional work (e.g., Scott & Hall 1997, Roth

et al. 1998, Smogor & Angermeier 1999a,

1999b) were consulted for applicable met-

rics, feasible predictors of species richness,

and rating criteria. Several metrics were

adapted for use in the IBI, others were re-

jected for reasons given in the IBI Analyses

section, and applicable species richness

curves were not available.

In deference to broad-based expectations

of species richness, the extensive record of

historical collections in Plummers Island

area streams (Appendix I) served as the ba-

ses of expected species occurrences, rich-

ness, and other expectations against which

the results of 1995 sampling were com-
pared (Appendix II). In most cases, actual

former occurrences in a particular stream

form the basis. In some cases, expected oc-

currence was based on former occurrence

in immediately adjacent streams with sim-

ilar physical habitat characteristics and ac-

cessibility for immigration to the stream in

question. Thus, the rating criteria for these

metrics are individually tailored for each

sampling site to facilitate the best correla-

tion of results for this and future compari-

sons.

IBI metrics selected (Appendix II) that



280 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

derive from trophic or reproductive guild

criteria, as well as occurrences of various

classes of species (e.g., native, nonnative,

tolerant, intolerant), were applied as pro-

portions of the above expectations in order

to obtain scorable percentages. Tolerance

ratings are derived from several sources

(Scott & Hall 1997, Barbour et al. 1999,

Smogor & Angermeier 1999a, Appendix

III: North Carolina Division of Water Qual-

ity) and reflect a consensus. Only species

rated as fully tolerant were regarded as such

in calculations of the proportion of tolerant

species to total species present; species of

medium tolerance and intolerant species

were combined as having reduced toler-

ance. Though some studies ignore presence

of young-of-year in compilations of IBI

samples, this age class was included in this

study for reasons stated in the Analyses.

Assignment of species to guilds, e.g., tro-

phic, reproductive, was based on those

same sources as well as biological infor-

mation found in Jenkins & Burkhead

(1993), Etnier & Starnes (1993) and other

references as well as the author's personal

knowledge. Assignment to the Substrate

Manipulator Spawner guild was broadly in-

terpreted to include all spawning associates

(e.g., Notropis rubellus) of nest-building

cyprinid species, such as Nocomis micro-

pogon, because these species very likely in-

directly benefit from substrate manipulation

by the nest builders through their choice of

spawning sites. Implications of another

metric employed, percentage of species

with multiple age classes present, a mani-

festation of ongoing reproductive success

and recruitment, are self-explanatory.

In Appendix II, scoring of the ten IBI

metrics ranges 1-5 thus yielding a possible

score of 50 for each sample site. Scoring is

based on the percentage of occurrence of a

given attribute. The eight metrics positively

correlated with increased biotic integrity

(e.g., percent expected native species pre-

sent) are scored as follows: 0% = 0, 1-20%
= 1, 21-40% = 2, 41-60% = 3, 61-80%
= 4, 81-100% = 5. Two negatively corre-

lated metrics (i.e., percent expected non-

native species present and percentages of

tolerant species present) are scored in the

reverse.

Stream health, or biotic integrity, at each

sample site was arbitrarily rated (Appendix

II) based on the total scores derived from

the metrics as follows: 0-10 = very poor,

11-20 = poor, 21-30 = fair, 31-40 = good,

41-50 = excellent.

Historical Analysis and Current Surveys

McAtee & Weed (1915) hsted 55 fish

species in 12 families in the Plummers Is-

land vicinity and Manville (1944) recorded

slightly more (57 species in 14 families);

these totals included native and nonnative

species. The present study reveals a total of

86 species representing 21 families that

have been definitely recorded, or very prob-

ably have occurred, in the Plummers Island

study area (Appendix I). An analysis of

their occurrences over the past 125 years or

so follows. At least 56 of these species are

thought to be native to the lower Potomac

region with the large balance being either

questionably native or definitely nonnative.

Forty of the native species have persisted

in one or more streams in the study area

since the 19th century, though some are di-

minished or extirpated in streams where

they formerly occurred. The other 16 native

species have very unstable histories in the

area. The more detailed portions of the

analysis that follows are confined mainly to

those species having unstable or not well-

understood histories, to migratory species,

and to the extensive history of nonnative

introductions.

Migratory species.—Migratory fishes,

including both diadromous species and

those which undergo lesser migrations con-

fined mainly to freshwater, are particularly

noteworthy of discussion because of the ex-

clusionary nature of Little Falls and Little

Falls Dam downstream of Plummers Island

and will lead the analysis. The Sea Lam-
prey, Petroniyzoii niorinits. is a parasitic
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anadromous species, entering the Potomac

and tributaries to spawn in spring, pene-

trating just to the Plummers Island reach

(Jenkins & Burkhead 1993) with young

stages (ammocoetes) remaining in fresh wa-

ter for several years. It was last reported in

the area from Little Falls Dam fish passage

in 1960 and Cabin John Run in 1944 (Ap-

pendix I). Few spawning adults have prob-

ably been able to surmount Little Falls Dam
since about 1949, but there are relatively

recent occurrences in Potomac tributaries a

few miles downstream such as Rock Creek

(in 1989, J. M. Mudre, Federal Energy Reg-

ulatory Commission, pers. comm.), and

tributaries of Anacostia River tributaries

and the Piscataway Creek system (Appen-

dix III: Dietemann 1977, Cummins 1989).

The secretive nature of ammocoetes and

ephemeral occurrences of adults may limit

knowledge of their distribution.

The two anadromous Atlantic coastal

sturgeon species, the Atlantic (Acipenser

oxyrinchus) and Shortnose {Acipenser bre-

virostrum) sturgeons, have not been defi-

nitely recorded from the Washington, D. C.

area since 1899 and 1876, respectively (Ap-

pendix I). These large, primitive fishes for-

merly penetrated well up the Potomac es-

tuary to spawn in spring (Lippson et al.

1981, Jenkins & Burkhead 1993). The for-

mer was considered common in earlier

times (Uhler & Lugger 1876) but was al-

ready considered rare by the late 1800s

(Smith & Bean 1899). However, these spe-

cies probably seldom penetrated to Little

Falls which, even prior to construction of

the dam, they reportedly did not traverse

(McAtee & Weed 1915). The single record

(USNM 16730 [USNM 26273, as given in

Jenkins & Burkhead 1993, is in error]) of

Shortnose Sturgeon is from the vicinity of

Little Falls. While Jenkins & Burkhead

(1993) considered sturgeon stocks greatly

diminished, rare wild Shortnose Sturgeon

occurrences, as well as both wild and hatch-

ery reared Atlantic Sturgeon, have been re-

cently reported (Appendix III: Eyler et al.

2000, Skjeveland et al. 2000) in portions of

Chesapeake Bay, including the lower Po-

tomac estuary, in 1996-1998. Rare future

occurrences near the Plummers Island reach

might be anticipated.

Four anadromous shad and herring spe-

cies historically entered the upper Potomac

estuary to spawn in spring. Stevenson

(1897) and McAtee & Weed (1915) stated

that American Shad (Alosa sapidissima)

traversed the study area to the barrier at

Great Falls but only small numbers appar-

ently entered that reach since completion of

the new dam at Little Falls in 1959 (Nichols

1968, Leathery 1999) The ascent of Ale-

wife (A. pseudoharengus) and Blueback

Herring {A. aestivalis) generally halted at

Little Falls even prior to damming. The lat-

ter two species remain abundant in early

and late spring, respectively, in the river

reach below Little Falls, as well as area

tributaries, but American Shad are now un-

common (pers. obsv. & Appendix III: Tilak

& Siemien 1993, 1994). Hickory Shad

{Alosa mediocris) were stated to be com-

mon in the D.C. area at the turn of the cen-

tury (Smith & Bean 1899) but were not list-

ed for the Plummers Island area by McAtee
& Weed (1915). Though spawning migra-

tions above Alexandria, Virginia, were
questioned by Lippson et al. (1981) and the

Hickory Shad's overall distribution (e.g.,

Jenkins & Burkhead 1993) suggests it pen-

etrates little above tidal waters, and, though

early 1990s records (Appendix III: Tilak

and Siemien 1992, 1993, 1994) indicated

this shad to be rare, the late 1990s report-

edly brought strong runs, penetrating to at

least Chain Bridge near the study reach (J.

D. Cummins, Interstate Commission Poto-

mac Living Resources, in litt.). A fifth clu-

peid species, the Gizzard Shad {Dorosoma

cepedianum) is an abundant resident of the

lower Potomac River and estuary and a net

migration to the Fall Line area occurs in

spring (Lippson et al. 1981). Records from

upstream of Great Falls (e.g., Jenkins &
Burkhead 1993) and from within the study

reach below Great Falls may stem from mi-

grants which circumvented that barrier via
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the C & O Canal where it was long ago

reported by McAtee & Weed (1915).

The Longnose Gar {Lepisosteus osseus),

north of the James River basin, has a pri-

marily Coastal Plain distribution (e.g., Jen-

kins & Burkhead 1993) and shows net mi-

gration tendencies similar to Gizzard Shad.

Older records (Appendix I) occur down-

stream of the study area and this gar re-

cently reported in freshwater tidal reaches

(e.g., Killgore et al. 1989) but, while it

readily penetrates upland rivers in other

portions of its range (e.g., Wiley 1980, Et-

nier & Starnes 1993), it has not been re-

corded from within or above the study

reach in the Potomac. An hypothesis is

posed that the Potomac gar population may
be product of a relatively recent northward

postglacial dispersal which was halted at

Little Falls. Currently, occasional entrain-

ments into the C & O Canal might be ex-

pected.

The anadromous and highly sought-after

Striped Bass, Morone saxatilis, ascended to

Great Falls, as did the semi-anadromous

White Perch, Morone americana, which

migrates only a short distance to spawn
(McAtee & Weed 1915, Lippson et al.

1981). Striped Bass still occur regularly in

the reach below Little Falls (Appendix IH:

Tilak & Siemien 1992, 1993, 1994) but

have not been recorded above. White Perch

spawn in abundance (pers. obsv.) between

Chain Bridge and Little Falls but do not

surmount the dam and the Fall Line is gen-

erally considered the natural upstream limit

with upstream records probably attributable

to passage through the C & O Canal (Man-

sueti 1961). The semi-anadromous Yellow

Perch, Perca flavescens, less restricted to

the Coastal Plain than the previous species,

was common in the Potomac River and C
& O Canal at the turn of the century and

remains so today below Little Falls (Ap-

pendix III: Tilak & Siemien 1992, 1993,

1994) but is apparently rare between Little

and Great falls based on lack of records in

several reports examined.

The remaining migratory species, the ca-

tadromous American Eel, Anguilla rostrata,

which spends its juvenile and adult life in

streams or estuarine waters but spawns at

sea, was abundant historically and remains

common in the Potomac and Plummers Is-

land area streams (Appendix I). Most spec-

imens collected in this study were sub-

breeding adults in the 30-70 cm TL range

but the presence of smaller individuals

down to 15 cm suggests that some eels

readily surmount Little Falls Dam at a rel-

atively young age.

Three primarily estuarine species, the

Bay Anchovy, Anchoa mitchilli, Inland Sil-

verside, Menidia beryllina, and Atlantic

Needlefish, Strongylura marina, are known
(Appendix I) to move into the freshwaters

of the Potomac to the lower portion of the

high gradient reach below Little Falls. Pre-

sumably these species find their limits at the

downstream terminus of the study area.

Native Coastal Plain species.—Eleven

non-migratory fish species resident to the

lower Potomac are or were generally con-

fined to the Coastal Plain at that latitude

(Lee et al. 1980, Jenkins & Burkhead

1993). Most of these have the upstream

limits of their distributions in the vicinity

of the study area. The Bowfin, Amia calva,

ranges northward in Chesapeake Bay trib-

utaries to Pennsylvania (Lee et al. 1981) but

records are rare north of the York River

drainage in Virginia. In the Plummers Is-

land reach it is represented by a single re-

cord plotted in Jenkins & Burkhead (1993),

an adult taken by a fisherman below Great

Falls in 1979 (R. E. Jenkins, Roanoke Col-

lege,). This record, in addition to several

others from above Great Falls may stem

from local introductions in portions of the

Potomac sometime prior to 1978 (Jenkins

& Burkhead 1993) or, alternatively, may
stem from upstream migrants of native

stock via the C & O Canal. However the

extreme paucity of records in the lowland

Potomac in the D.C. area and downstream

(one from Charles Co., Maiyland, reported

in Truitt et al. 1929) may favor the former

explanation.
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The primarily Coastal Plain-distributed

Bridled Shiner, Notropis bifrenatus, has dis-

appeared from much of its range in North

Carolina and Virginia (Jenkins & Burkhead

1993) and appears to be declining rapidly

in more northerly portions of its range as

well (R. E. Jenkins & K. E. Hartel, pers.

comm.). Though not reported by McAtee &
Weed (1915), it formerly occurred in the

lower Potomac drainage based on several

vouchered records from the vicinity of D.C.

and downstream from 1935 and earlier

years (e.g., Jenkins & Zorach 1970). Re-

cords in the Plummers Island vicinity in-

clude the main river at Little Falls and

Chain Bridge (USNM 64364, 75982,

93894) collected between 1908 and 1911.

A putative 1901 record from Difficult Run
(USNM 85585) and a 1912 record from

Cabin John Run (USNM 84758) are here

reidentified as Cyprinella analostana and

Notropis procne, respectively. There are no

confirmed records from the Potomac drain-

age since 1935. Records in recent survey

reports from nearby areas (Ernst et al. 1995,

Appendix III: Cummins 1989) are based on

other species (J. D. Cummins, R. E. Jen-

kins, pers. comm.).

Two records of the White Catfish, Ameiu-

rus catus, including the 1978 record in Ap-

pendix I, are from the reach between Plum-

mers Island and Great Falls. There are no

records of this primarily Coastal Plain-dis-

tributed species from the C & O Canal and

it is speculative whether the canal has

served as a conduit for that species or that

it penetrated the high-gradient reach. In

more southerly Atlantic Slope drainages

(e.g., James, Roanoke, and southward), it

penetrates upland provinces to the Blue

Ridge (Menhinick 1990, Jenkins & Burk-

head 1993). Current distribution, relative to

more southerly basins, might be explained

by postglacial dispersal phenomena similar

to that of Longnose Gar (above).

The Eastern Mudminnow, Umbra pyg-
maea, maintains populations in sluggish

lower Potomac habitats up to the D.C. area,

including the Anacostia River system (Jen-

kins & Burkhead 1993, Howden & Man-
sueti 1951, Appendix III: Cummins 1989)

and one dated record is from the river or

canal in 1912 near Chain Bridge (USNM
78166). Only one (unvouchered) has been

reported from the Plummers Island study

area proper, in Wolftrap Creek, tributary to

Difficult Run (Appendix III: Fairfax Co.

Stream Protection Strategy). However, up-

stream of the area, a population was docu-

mented in the Seneca Creek system in

Montgomery County, Maryland, which en-

ters the Potomac 12 km above Great Falls,

as recently as 1974 (Appendix III: Diete-

mann 1 974) and additional records are from

tributaries to the Canal in the nearby Poo-

lesville area in 1997 (USMF 9725, 9728,

9730, 9731). These populations would ap-

pear to stem from the C & O Canal which

has provided a corridor of artificial lowland

habitat surmounting the Fall Line.

Three additional lowland species might

be expected in the slacker portions of the

study area (e.g., C & O Canal or other) but

only one has been definitely recorded. The

Tadpole Madtom, Noturus gyrinus, and

Bluespotted Sunfish, Enneacanthus glorio-

sus, were recorded in the D. C. area early

in the century up until 1926 (Appendix I).

The Bluespotted Sunfish was reported to be

abundant in the Potomac in the 1800s (Uhl-

er & Lugger 1876). Recent rare occurrences

are recorded nearby from the Potomac Riv-

er {E. gloriosus by Killgore et al. 1989) and

Anacostia systems (both species. Appendix

III: Cummins 1989) downstream of the

study area. Denizens of slack waters and

abundant cover, such as vegetation, under-

cut banks, and debris should have fared

well in the C & O Canal if entrance was

gained. However the spotty collecting his-

tory of the Canal has yielded no records

and frequent drainings might have thwarted

frequent colonization. The Eastern Mosqui-

tofish, Gambusia holbrookii, is generally

thought to be native to the Coastal Plain

and lower Piedmont northward to Delaware

(Jenkins & Burkhead 1993). Those authors

mapped several records from Potomac trib-
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utaries in Virginia south of D. C. but, in the

study area, there is but one recent unvouch-

ered report, from Dead Run in 1999 (Ap-

pendix I). Additional records, in Maryland

above the study area (USMF 9720, 9744,

9723 and five others), indicate this species

has probably traversed the study area via

the C & O Canal.

While the logperches, darter species of

the Percina caprodes group (i.e., subgenus

Percind), are primarily of upland distribu-

tion, the logperch formerly inhabiting the

Potomac occurred on the Coastal Plain. It

reached its southern range limits in Atlantic

coastal drainages in the lower Potomac and

Susquehanna rivers (Thompson 1980) and

was recorded in the lower Potomac in the

late 1800s and early 1900s to near the Fall

Line (Uhler & Lugger 1876, Smith & Bean

1899; USNM 68171, 70715 & six others)

and at Chain Bridge below Little Falls in

1930 (USNM 89530). Lee et al. (1981),

who considered the species possibly intro-

duced along with game fishes, indicated last

occurrence was possibly in 1938 (source of

record not given). The possibility of the ex-

tremely early introduction of Walleye into

the Susquehanna and perhaps Potomac
drainages (see below) might further fuel

speculation about logperches being intro-

duced along with kindred percids. However,

Jenkins & Burkhead (1993) opined that the

extremely early records (e.g., 1855) of log-

perches in the Potomac diminish this pos-

sibility and furthermore (R. E. Jenkins per

comm.) may be taxonomically distinct.

Species of upland or general distribu-

tion.—A majority of fish species in the

Plummers Island area have either ecological

requirements associated with upland prov-

inces, occurring mainly above the Fall Line,

or are generally distributed both above and

below that physiographic demarcation.

Some are denizens of larger streams and are

thus confined mainly to the Potomac River.

The Pearl Dace, Margariscus margarita,

though overlooked by McAtee & Weed
(1915), was listed for the vicinity without

specific locales by Smith & Bean (1899)

and is documented from Cabin John Run
based on a single specimen (USNM 64604,

identification confirmed) collected by Weed
himself andW W Wallis in 1909. Primarily

a boreal species, it reaches the southern ex-

treme of its range in the Potomac basin

where it is very localized in a few cool,

spring-fed habitats (Lee & Gilbert 1980,

Jenkins & Burkhead 1993); it has probably

been extirpated from many others, includ-

ing in the study area. Nearest extant popu-

lations in the Potomac basin are in isolated

portions of tributaries well upstream (e.g.,

Conocheague Creek system, Washington

Co., MD) of the study area.

The Trout-perch, Percopsis omiscomay-

cus, a secretive denizen of pools and un-

dercut banks, was sporadically distributed

through much of eastern North America

southward to the Potomac Basin (Gilbert &
Lee, 1980) and formerly inhabited the low-

er Potomac (Uhler & Lugger 1876). It oc-

curred in the C & O Canal upstream to at

least the Seneca Creek area of Montgomery
County, MD, into early 1900s (McAtee &
Weed 1915, Radcliffe & Welsh 1916;

vouchered by USNM 3373, 23387, 62523,

67518 [Plummers I.], and 107313) but is

now considered extirpated (Jenkins &
Burkhead 1993). The latter collection, taken

near Seneca in 1911, is the last substanti-

ated occurrence.

In addition to Percina caprodes dis-

cussed above, one or two other members of

the darter genus Percina may also be extir-

pated from the area. The Shield Darter, Per-

cina peltata, was recorded from the Poto-

mac River below Great Falls in 1976 (Ap-

pendix III: Dietemann & Sanderson 1976),

which may lend credence to the Smith &
Bean (1899) record from the Chain Bridge

area not accepted by Jenkins & Burkhead

(1993). However, no voucher exists and the

specimen in question may have represented

either P. peltata or the very similar Stri-

peback Darter, Percina notagramma. Both

species are recorded from both upstream

and downstream of the study area in tribu-

taries of the Potomac in Virgina, Maryland
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and D.C.. Closest records to the study area

are from Rock Creek in D.C. in 1897

(USNM 106895) and Montgomery Co.,

Maryland in 1944 (USNM 131758); these

are confirmed as P. peltata. There are no

occurrences of this darter in recent collec-

tions from that system (M. Haddaway,

Montgomery Co. Dept. Environ. Protec-

tion., pers. comm.). It persists well up-

stream of the study area in the main Poto-

mac River (1998 data, P. F. Kazyak Mary-

land Dept. Nat. Resources, pers. comm.).

Deserving of a note on taxonomic status,

two nominal forms of the darter subgenus

Boleosoma occur in the lower Potomac

area, Etheostoma olmstedi Storer 1842 and

E. atromaculatum (Girard 1859). In a study

of these two taxa, Yarrington (1994) ac-

corded subspecies status to atromaculatum,

as had Cole 1967, and found that it was
restricted to tidal portions of the Potomac

and tributaries. Therefore the single taxon,

E. o. olmstedi, occurs in the Plummers Is-

land area which lies above tidal waters.

The distributional status of several addi-

tional species in the study area is somewhat
uncertain. These are species that still main-

tain viable populations peripheral to the

Plummers Island area and are confirmed to

have formerly occurred within it or very

probably did so. The Comely Shiner, No-
tropis amoenus, is an inhabitant of mid-

sized to larger streams of the middle Atlan-

tic Slope; it enters smaller streams in more
northerly portions of its range (Snelson

1968). McAtee & Weed (1915) recorded

this shiner from the Potomac and several

tributaries, though several were apparently

confounded with Notropis rubellus (Appen-

dix I), especially any taken from smaller

tributaries any distance above the mouth,

and further confused with Notropis photo-

genis, the Silver Shiner, which is not native

to Atlantic Slope drainages. Snelson (1968)

did not examine several collections perti-

nent to clarification of the distribution of A^.

amoenus in the study area. However several

lots in USNM (64408, 64410, 67530,

72960, 73352, 73398, 84700, 202173) are

here confirmed to document the existence

of this shiner in several of the study area

tributaries as well as the main river and C
& O Canal in the early 1900s (latest 1921).

There are no recent records of A^. amoenus
from the area, though it remained moder-

ately common in collections from the Po-

tomac in reaches not far above Great Falls

in the late 1970s (Appendix III: Davis &
Enamait 1982). Comely Shiners are often

few or absent in collections made in habi-

tats where they are known to maintain pop-

ulations (pers. obsv. and Jenkins & Burk-

head 1993). This characteristic considered

in light of the lack of repeated thorough

sampling in the mainstem Potomac render

it difficult to conclude whether the Comely
Shiner is extirpated from the lower Poto-

mac or whether more aggressive sampling

would yield fickle occurrences.

A second cyprinid, the Fallfish, Semotilus

corporalis, a large predatory species occa-

sionally reported in surveys of Potomac

tributaries up- and downstream of the study

area (e.g., Howden & Mansueti 1951; Ap-
pendix III: Dietemann 1974, Cummins
1989, Yarrington 1990, Kelso et al. 1991),

is known recently in the area only from

very small numbers of specimens collected

in the main river and Cabin John Run in

1996 (Leathery 1999 & Appendix III:

Montgomery Co. Dept. Environ. Protec-

tion). There is a single unvouchered report

(Appendix III: Fairfax Co. Stream Protec-

tion Strategy) from the Difficult Run sys-

tem (South Fork) where it is otherwise un-

known despite numerous surveys over the

years. Its presence would be expected in

that system based on the large creek habitat

and proximate records (1976) from the Ni-

chol Run system (Appendix III: Yarrington

1990) just above Great Falls. Most records

peripheral to the study area are from the

1970s or earlier and this species may be in

general decline and on the verge of extir-

pation from the Plummers Island area.

McAtee & Weed (1915) listed Erimyzon

oblongus, the Creek Chubsucker, as uncom-
mon in the Potomac and C & O Canal and
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there is a record which they overlooked

(USNM 74805, not seen) from Rock Run
near Plummers Island from 1913. No other

records exist for the study area, though, like

the Fallfish, it might be expected in such

tributaries as Difficult Run based on phys-

ical habitat and up- and downstream occur-

rences in the Potomac basin. Though sev-

eral viable populations exist in tributaries

peripheral to the study area (e.g.. Watts Br.,

Montgomery Co., MD, Appendix III:

Montgomery Co. Dept. Environ. Protec-

tion), the Creek Chubsucker may verge on

extirpation from the Plummers Island vicin-

ity. The Chain Pickerel, Esox niger, was re-

ported (not vouchered) as occasional in the

C & O Canal by McAtee & Weed (1915)

and as abundant in the Potomac River near

Washington by Smith & Bean (1899). No
recent records are known from the study

area or the tidal Potomac downstream,

though this weedy reach of the river would

seem ideal habitat. It remains in small trib-

utaries of the Anacostia system in Prince

Georges County, Maryland (Appendix III:

Cummins 1989). Smith & Bean (1899) also

reported the Grass Pickerel, Esox american-

us, as abundant in side channels and grassy

tributaries in and opposite D. C; its pres-

ence in the C & O Canal would have been

expected begging the question of possible

occurrences among the unvouchered, and

easily confused, E. niger reports of McAtee
& Weed. While E. americanus surmounts

the Fall Line in the Occoquan River system,

tributary to the Potomac downstream of Al-

exandria, Jenkins & Burkhead (1993) did

not plot this species above Alexandria

(where it currently maintains populations in

Dogue Creek, Appendix III: Yarrington

1990) in the Potomac of Virginia and re-

cords in Maryland tributaries are restricted

to well below the Fall Line (Lee et al.

1981).

Based on examination of USNM and re-

cent field collections, two sculpin species,

the recently described (Kinziger et al. 2000)

Blue Ridge Sculpin, Cottus caeruleomen-

tum (formerly referred to in area literature

as Mottled Sculpin, Cottus bairdii), and Po-

tomac Sculpin, Cottus girardi, have oc-

curred in the Fall Line area of the lower

Potomac on the Montgomery County, MD,
and D.C. side of the river. Oddly, there are

no known occurrences of sculpins in Vir-

ginia tributaries of that area; C. caeruleo-

mentum, is restricted to the Shenandoah and

upstream portion of the Potomac in Virginia

and C. girardi is restricted to the Goose
Creek system of the upper Piedmont (Lou-

don Co.) and Ridge and Valley tributaries

(Jenkins & Burkhead 1993). A third sculpin

species, Cottus cf. cognatus, "Checkered

Sculpin", is isolated in several cold spring-

fed streams of the Potomac but is known to

occur no closer to the study area than the

Monocacy system (Frederick Co., MD).
McAtee & Weed (1915) did not report scul-

pins from the study area but Smith & Bean

(1899) reported sculpins from "years ago"

in a Virginia tributary above Great Falls

(distance not specified) and Rock Creek in

D.C. (as ''Cottus meridionalis" and "(/r-

anidea gracilis,'' respectively). Later, R. R.

Miller and party collected 38 in the Cabin

John Run (Booze Creek and Bulls Run)

system identified as Cottus bairdii (Man-

ville 1968) but these (USNM 131701,

131736) are here reidentified as the later de-

scribed (Robins 1961) C. girardi. Miller

and subsequent investigators also collected

specimens (USNM 131736, 241946,

241948) in the 1940s identified as C. bair-

dii from the adjacent Rock Creek system in

Montgomery County; these, too, are rede-

termined as C girardi. Both this species

and C. caeruleomentum (as bairdii) were

reported from Rock Creek in 1996 (Appen-

dix III: Montgomery Co. Dept. Environ.

Protection). Closely above the study area,

in Watts Branch, both specimens collected

by Miller et al. in 1944 (USNM 131819)

and by the author in 1997 (NCSM 26955.

26956) revealed that C. caeruleomentum

and C. girardi are syntopic in that system.

Potomac Sculpins are reported to persist in

small numbers (Appendix III: Montgomery
Co. Dept. Environ. Protection) in some
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reaches of the Cabin John system but they

were not taken at survey sites in this study,

nor did targeted efforts at Miller's 1944 lo-

calities reveal their presence, and their sta-

tus is considered very marginal. If un-

vouchered reports of Blue Ridge Sculpins

from Rock Creek are correct, then that spe-

cies' distribution brackets the study area

and may be indicative of extirpation. In the

mainstem Potomac, sculpin records (C. gir-

ardi) are rare and stem from about 50 km
upstream of the study area in the vicinity

of the Monocacy River confluence (R. E.

Jenkins per comm.).

Normative species.—The history of intro-

ductions of nonnative species to the study

area is copious and therefore the required

analysis is moderately extensive. The prox-

imity of the study area, and of the lower

Potomac River in general, to the nation's

capital, where the historic U.S. Fish Com-
mission and its various successors have

long been headquartered, has doubtless

made it subject to experimental fish intro-

ductions that surpass many regions of the

country. The conventions of the Commis-
sion were to introduce any fishes from other

basins, or even other continents, which

might have conceivable benefits to human-
kind. Attempting to showcase these efforts

near the seat of power probably had con-

siderable political intent. The Commission
maintained demonstration ponds in D.C.

along the shores of the Potomac. These

were the source of intended introductions as

well as many accidental escapes during

flooding. Too, the early fisheries agencies

of Maryland and Virginia assaulted the Po-

tomac's waters with attempted introduc-

tions. For instance, in 1874-1877 alone, the

Maryland Fisheries Commission attempted

to establish Rainbow Trout, one or more
species of Pacific salmon, landlocked At-

lantic Salmon, Lake Trout, Rainbow Smelt,

and the Eurasian cyprinids. Common Carp,

Goldfish, and Tench in the area (Ferguson

1876, 1877). Christmas et al. (1998) note

attempts to establish 57 species in the Po-

tomac Basin over the past century and half.

In the study area, a history of introductions,

dating to at least 1854, brought a possible

total of 29 nonnative species to the area's

waters which remained established for at

least a time (Appendix I) and several others

which did not. Five of these were Eurasian

species of which three remain established

today. Between nine and 24 are North

American species which certainly or pos-

sibly were introduced from basins extralim-

ital to the Potomac.

Several Eurasian cyprinid species were

introduced to the D.C. area in the 1800s.

The Common Carp, Cyprinus carpio,

whose transfer and culture in Eurasia date

to 2000 or more years ago, was introduced

to North America by at least the 1 870s, and

possibly as early as 1831 (Lever 1996), and

was brought to D.C. in 1878 (Baird 1879).

It was very well established in the Potomac

River and C & O Canal by the late 1800s

(e.g.. Smith & Bean 1899) and remains

common in larger habitats today. The Gold-

fish, Carassius auratus, a popular bait and

aquarium fish, had an even earlier history

of introductions to North America dating to

perhaps the 1680s (DeKay 1842, Courtenay

et al. 1984, Fuller et al. 1999) and was al-

ready established in the Potomac in the

1870s (Uhler & Lugger 1876). There re-

mains confusion concerning the taxonomic

status of various populations of Goldfish in-

troduced into American waters with regard

to the Crucian Carp, C. carassius. Further,

C. auratus is regarded as a tetraploid deriv-

ative of C. carassius (e.g., Buth 1984) and

the similar forms have probably not been

well sorted out in introduced populations.

Goldfish are far less common than the

Common Carp but recur via repeated bait

and aquarium released or escapes from es-

tablished pond populations. The Ide, Leu-

ciscus idus, and the Tench, Tinea tinea, are

two additional Eurasian cyprinids, brought

to the D.C. area by the U.S Fish Commis-
sion, which may have been established in

the Potomac River (and probably C & O
Canal) for a time in the late 1800s (Smith

& Bean 1899). Neither species persists to-
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day. Christmas et al. (1998) note uninten-

tional introductions of Grass Carp, Cteno-

pharyngodon idella, a very large cyprinid

(to 45 kg) native to the Amur basin of Chi-

na, often stocked for weed control in area

waters. Occasional specimens should be ex-

pected in the study area but none were pre-

sent in surveys considered in this report.

Besides cyprinids, the only other non-

North American species known to be suc-

cessfully introduced to the study area is the

popular Brown Trout, Salmo trutta, which

first arrived in North America from Ger-

many in 1882-1883 (Courtenay 1984, Le-

ver 1996). They had arrived in the Virginia

cirea for propagation by 1885 (McDonald

1886, Smiley 1889) and were stocked in an

unspecified Potomac tributary in 1 893 (Jen-

kins & Burkhead 1993). Brown Trout do

not often reproduce successfully in nonna-

tive habitats but are repeatedly stocked as

hatchery progeny. However a small, isolat-

ed, reproducing population persisted in Lit-

tle Difficult Run in the study area in the

1980s (Lovich 1984; Appendix III: Yarring-

ton 1990). Whether it stemmed from the

1893 or a similar vintage stocking is de-

batable. First documented stockings for the

Difficult Run system were in 1991 (Appen-

dix III: Odenkirk 1992).

At least nine, possibly ten. North Amer-
ican species recorded from the study area

definitely represent introductions of extra-

limital species: the Threadfin Shad, Doro-

soma petenense. Fathead Minnow, Pime-

phales promelas, Channel Catfish, Ictalurus

punctatus. Blue Catfish, /. furcatus, North-

ern Pike, Esox lucius. Rock Bass, Amblo-
plites rupestris, Redear Sunfish, Lepomis

microlophus, Smallmouth Bass, Micropte-

rus dolomieu, Largemouth Bass, Micropte-

rus salmoides, and White Crappie, Pomoxis
annularis. The Threadfin Shad, native to

Mississippi River basin and Gulf tributaries

southward to Guatemala, was first intro-

duced to Atlantic Slope tributaries of Vir-

ginia in the 1950s as a forage species and

has been reported from the Potomac below

the study area (Jenkins & Burkhead 1993)

and vouchers exist for 1976 (NCSM 28733,

28734). It is not reported in recent fishery

surveys of the river (Appendix I) and this

relatively cold-intolerant species has prob-

ably had an ephemeral existence in the low-

er Potomac. The Fathead Minnow, one of

the most popular of bait species, is repeat-

edly released into the wild outside its native

range in the central United States. Though
often exceedingly successful in ponds,

specimens reported from streams in the

eastern U.S., such as the single one taken

from Difficult Run in this study, rarely rep-

resent established populations. However
some area streams (e.g., Moores Run of the

Patapsco drainage) are known to have well

established populations (P. F. Kazyak Mary-

land Dept. Nat. Resources, pers. comm.).

The Channel Catfish, native to Gulf

Slope, Great Lakes, and Hudson Bay drain-

ages, has a documented history of sustained

populations in the lower Potomac and larg-

er tributaries dating to 1889 (Appendix I)

when it was successfully introduced (Jen-

kins & Burkhead 1993). Though recorded

but once from tributaries in the study area,

it is abundant in the main Potomac. The
Blue Catfish, native to the Mississippi and

other Gulf Slope drainages, may have been

introduced to the D. C. area by 1905 (Bean

& Weed 1911). Radcliff and Welsh (1916)

reported it from the C & O Canal. Burkhead

et al. (1980) cast some doubt on early re-

cords of this catfish but conceded that it

might have been among the Bureau of Fish-

eries' holdings in ponds near the Potomac

which were often sources of intentional or

accidental releases. Bean & Weed's account

was based on reports of H. M. Smith, then

Director of the Bureau, who most would

deem competent to verify identifications.

The fact that some hearsay records of over

30 pounds were reported would tend to sup-

port the existence of at least some Blue Cat-

fish in the fishery at that time, as Channel

Catfish rarely approach this size in the re-

gion. The single extant voucher specimen

of that era ( 1 9 1 1 . USNM 7028 1 ), originally

identified as /. furcatus, is, in fact, /. punc-
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tatus (my data and Burkhead et al. 1980)

and later putative specimens from 1930

(USNM 85754, 284967, 284968) are also

reidentified as /. punctatus. The veracity of

1992 records (Appendix I) is not known, as

voucher specimens were not retained. How-
ever, in the late 1990s, young Blue Catfish

have been reported, along with Channel

Catfish, to be numerous and increasing in

numbers in the Potomac a few miles down-

stream of the study reach (J. D. Cummins,
J. Hennessey, P. F. Kazyak, pers. comm.)

indicating a recent introduction that may be

flourishing. A suspected source is Occo-

quan Reservoir where this species has been

stocked in the past.

The Northern Pike, Rock Bass, Redear

Sunfish, Large- and Smallmouth basses,

and White Crappie are predatory species in-

troduced for their game and culinary qual-

ities. The Northern Pike is wide ranging in

northerly waters and sparingly introduced

in more southern regions, including in im-

poundments of the Occoquan River down-
stream of the study area (Jenkins & Burk-

head 1993). A single unvouchered occur-

rence was reported from the Potomac near

the study area in 1993 (Appendix III: Tilak

& Siemien 1993). Future records of Esox

should be scrutinized relative to the rare or

possibly extirpated native pickerels (above).

In addition, there have been peripheral in-

troductions (Christmas et al. 1998) of Mus-
kellunge, Esox masquinongy, which might

give rise to occurrences. The Rock Bass,

native to the Great Lakes, Hudson Bay, and

Mississippi drainages, was introduced to

the Potomac by the U.S. and Virginia fish

commissions in 1887 and 1898 (Jenkins &
Burkhead 1993) and Rock Creek in D. C.

in 1894 (Smith & Bean 1899). It persists

but is not abundant in the main river today

and no recent tributary records are known
from the Plummers Island area (Appendix

I) despite seemingly good habitat in such

streams as Difficult Run. The Redear Sun-

fish is native to the southern Atlantic Slope

and Gulf coastal drainages but has been

widely introduced, particularly in small im-

poudments. Three juvenile specimens

(NCSM 26986) taken during this study

from the Potomac River at Plummers Island

constitute the first record of this sunfish in

the basin of the Potomac proper based on

the distributions depicted in Jenkins &
Burkhead (1993) and Appendix III: Zyla

(1996). Presence of juveniles suggests that

this species is established. This species is

known to have been introduced into Clop-

per Lake of the nearby Seneca Creek sys-

tem within the past decade (P. F. Kazyak,

pers. comm.).

The Largemouth Bass, Micropterus sal-

moides, is native to Great Lakes-St.

Lawrence, Mississippi, Gulf and southern

Atlantic slope drainages. Conflicting refer-

ences (Norris 1864, Whig 1876, and Vir-

ginia Fish Commission reports) analyzed by

Jenkins & Burkhead (1993) indicate it may
have ranged northward to the James River

basin of southern Virginia or, conversely,

may have been introduced there from fur-

ther south in the early 1800s. There is a

record from a pre-European archaeological

site in the Roanoke River basin (T Whyte,

R.E. Jenkins, pers. comm.). Similar confu-

sion surrounds earliest Potomac occurrenc-

es with a remote possibility of early 1800s

introductions. The first possibly definitive

record is from 1876 (Bean & Weed 1911,

based on a mold, USNM 16841, where-

abouts currently unknown). However, Lar-

gemouth Bass were being translocated

years prior to that date, at least in more

northerly states (MacCrimmon & Robbins

1975). Uhler & Lugger (1876) gave a pos-

sible color description of this species but

their and Ferguson's (1877) references to

the "Black Bass, Micropterus salmoides''

being introduced into the Potomac and C &
O Canal at Cumberland, MD, in 1854 is

almost certainly confounded with the intro-

duction of Smallmouth Bass (below).

The Smallmouth Bass, native to Great

Lakes and upland portions of the Mississip-

pi River drainage, was among the first

transplants to the study area. It was brought

to the C & O Canal above the study area
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from the Ohio River basin in 1854 (Eoff

1855) and introduced widely in the Poto-

mac in ensuing years (summarized in Jen-

kins & Burkhead 1993). The Potomac pop-

ulation was, in turn, apparently a spring-

board to introductions further north in the

Susquehanna and Delaware drainages (e.g.,

Stillwell et al. 1897). The Smallmouth Bass

is common in the river and larger tributaries

of the study area today (Appendix I).

The White Crappie, presently common in

the Potomac River (Appendix I), is proba-

bly native only to the Mississippi and other

Gulf Slope drainages and the southern

Great Lakes based on the lack of early At-

lantic Slope records (Smith 1907, Jenkins

& Burkhead 1993, Etnier & Starnes 1993).

Jenkins & Burkhead (1993) did not indicate

dates of its appearance in the Potomac but

Smith & Bean (1899) stated that both this

species and the Black Crappie, Pomoxis ni-

gromaculatus (see below), were introduced

to the river and canal in 1894 and both had

become abundant. Uhler & Lugger (1876)

listed neither species as present at that time.

Earliest USNM records of White Crappie

from the D. C. area are from 1896-1898

(e.g., USNM 47692, 68164).

The possibilities are less certain that the

occurrences of the remaining 13 lower Po-

tomac species to be discussed owe to intro-

ductions. Most certain among these are

probably the following centrarchid species,

as well as the Walleye, Stizostedion vi-

treum. Uhler & Lugger (1876) did not list

the Warmouth, Chaenobryttus gulosus,

among the Potomac fish fauna. Its native

distribution on the Atlantic Slope is not

well understood (e.g., Jenkins & Burkhead

1993) but is thought to have been well

south of the Potomac. Smith & Bean (1899)

stated that it was introduced into the Poto-

mac by the U.S. Fish Commission in 1895

and reported it to be flourishing. Earhest

vouchers (e.g., USNM 66319, 66325,

67533) are from 1910 and after. The War-

mouth remains common today in the river

but tributary records are thus far limited to

a single occurrence in Rock Run in 1912

(McAtee & Weed 1915, USNM 73395).

The Green Sunfish, Lepomis cyanellus, is

generally regarded as native to approxi-

mately the central United States but not the

Atlantic Slope (Lee et al. 1980, Etnier &
Starnes 1993, Jenkins & Burkhead 1993).

Though not regarded as a particularly de-

sirable game fish because of its small size,

it is often stocked accidentally along with

larger, more desirable species such as Blue-

gill, rendering the native range difficult to

discern. It's present-day extensive, but spo-

radic, Atlantic Slope distribution, including

numerous Potomac records in the study

area dating from 1911 (Appendix I), nearby

D. C. in 1908 (USNM 64356 & 57), and

an earlier Potomac record (1900, Jenkins &
Burkhead 1993), may stem from numerous

such introductions but these actions are un-

documented.

The Bluegill, Lepomis macrochirus, may
have had native range similar to the Green

Sunfish, except it possibly inhabited the

southern Atlantic Slope drainages north-

ward to the Carolinas (Page and Burr 1991,

Jenkins & Burkhead 1993, Etnier & Starnes

1993, Lever 1996). Thousands of local in-

troductions dating back many years have

forever blurred the original distribution of

this species but the recency of first records

of this easily captured fish throughout Vir-

ginia's Atlantic drainages (Jenkins & Burk-

head 1993), all within the present century,

strongly indicate nonnative status. Jenkins

& Burkhead (1993) gave the first Potomac

record of Bluegill as 1916. McAtee & Weed
(1915) apparently overlooked the presence

of Bluegills as they are present in Potomac

collections (originally identified as Lepomis

pallidus) dating from 1910 (USNM 66312,

67059, 84819 & others). Bean & Weed
(1911), in referring to specimens identified

by W C. Kendall as ''Lepomis pallidus'\

based on the written description, may have

in fact pointed to the occurrence of this spe-

cies from the D. C. area as early as 1900.

This name was often applied to collections

of L. macrochirus in USNM from the 1800s

(pers. obsv.), though it is probably most
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properly a synonym of L. auritus (Gilbert

1998).

The present-day distribution (Bauer

1980) of the Longear Sunfish, Lepomis me-

galotis, suggests it is not native to the At-

lantic Slope drainages south of the Great

Lakes-St. Lawrence drainage, though it is

well established in the Potomac. Jenkins &
Burkhead (1993) state the first record from

the drainage is from the upper Potomac in

1953 (CU 32354), and later records from

the Plummers Island area date from 1975

(Difficult Run, specimen not seen) or 1984

and after (Potomac R., Appendix I). Sus-

picions of prior occurrence of L. megalotis

in the lower Potomac might be raised by

Bean & Weed's (1911) and McAtee &
Weed's (1915) discussions of Lepomis au-

ritus and "L. solis'\ Their description of

opercular flaps and coloration of the former

is actually somewhat reminiscent of megal-

otis or, perhaps more likely, the Bluegill, L.

macrochirus, rather than actual auritus to

which their description of ''solis'' best ap-

plies. It is also possible that ''solis'' was

applied to L. auritus x cyanellus hybrids

that may have been abundant in the years

following introduction of cyanellus (to

which Bean & Weed mentioned a strong

resemblance in solis) to the Potomac. Un-
fortunately, available material and original

labels from that era in USNM do not re-

solve the issue of conflicting descriptions

but the fact that McAtee & Weed failed to

recognize the presence of Bluegill (above),

and lack of vouchered Longear Sunfish re-

cords prior to 1970s, points to the Bluegill

as the confounding entity.

The Walleye, a popular game and food

fish, is occasionally taken in the Potomac
today. There is slight doubt as to the native

status of this species in middle Atlantic

Slope drainages. The lack of definite early

records (e.g., Uhler & Lugger 1 876 listed it

vaguely as "in the mountainous regions")

has led Jenkins & Burkhead (1993) to con-

clude that all records stem from introduc-

tions. There is an early record (1879) from
the Susquehanna drainage in Maryland

(USNM 22494). However it is reputed to

have been introduced to that drainage as

early as 1813 from Seneca Lake, New
York, and was rapidly established (Stillwell

et al. 1897). It is plausible that, in turn, in-

troduction to the Potomac may have soon

followed. The Walleye was stocked in the

Potomac between 1901 and 1904 (Bean &
Weed 1911) which may or may not mark
its earliest occurrence.

Somewhat more problematic is the native

status of nine additional species. The Bow-
fin, Amia calva, and the Logperch, Percina

caprodes, whose native status have been in

question by some (e.g., Lee et al. 1981),

were discussed above under native species

and are probably native to the study area or,

at least, the Potomac River drainage. The
Silverjaw Minnow, Spotfin Shiner, Blunt-

nose Minnow, Golden Redhorse, and

Greenside Darter are all species that have

distributions mainly in the Mississippi and

Great Lakes basins and one or few middle

Atlantic Slope drainages (e.g., Lee et al.

1980). Bean & Weed (1911) considered that

the Silverjaw Minnow, Ericymba buccata,

had probably been introduced to the upper

Potomac by the U.S. Bureau of Fisheries

and had dispersed downstream. Ross

(1952), Jenkins et al. (1972), Hocutt et al.

(1986) and Jenkins & Burkhead (1993) in-

dicated it is probably native to the Potomac

and the adjacent Rappahannock, though the

latter authors concede introduction is pos-

sible. Earliest lower Potomac record is 1906

from the back channel of Plummers Island

(McAtee & Weed 1915) but this record is

not substantiated by specimens in USNM.
Occurrence is confirmed in Turkey and

Cabin John runs in the study area in 1909-

1912 (USNM 64397, 66357, 73358). These

early records would indicate that this rela-

tively delicate minnow was either trans-

ported a great distance around the turn of

the century and locally introduced or dis-

persed with uncommon rapidity from an in-

troduction site in the upper Potomac. Either

scenario seems unlikely. Though rated as

somewhat tolerant (Appendix II), and com-
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mon in some relatively polluted area

streams today (e.g., Anacostia R. tributar-

ies, Appendix III: Cummins 1989), this

minnow shows a history of restricted oc-

currence in the study area that may reflect

complex biogeographic patterns or partial

extirpation.

Jenkins & Burkhead (1993) regarded the

somewhat similarly distributed Spotfin

Shiner, Cyprinella spiloptera, as indigenous

to the Potomac, a departure from views tak-

en on some other species with similar dis-

tributions. They deemed that occurrences

prior to 1951 might have been confounded

with the similar Satinfin Shiner, Cyprinella

analostana, thus averting detection of C.

spiloptera in the Potomac. In fact, C. spi-

loptera appear to be documented from the

lower Potomac near D. C. as early as 1922

based on USNM 85953, 9 small specimens

ranging up to 40 mm SL, which appear to

be correctly identified. Questionable early

dates denoted in Appendix I for both Cy-

prinella species refer to the possibility that

partially unvouchered early reports may
have been based on one or the other species

but analostana is documented from the

main Potomac in 1911-1912 (USNM
67519, 72396). Though described from the

Potomac River near D. C. (Girard 1859), C.

analostana is today much less common in

the main river than C spiloptera, which has

a penchant for larger habitats. No C ana-

lostana were taken in the Potomac River in

the course of this study and those of other

recent investigations are not vouchered. It

is reported to remain common well up-

stream of the study area in the Monocacy
River confluence area (P. F. Kazyak, pers.

comm.). The history of occurrence of C
spiloptera in the Potomac prior to the 20th

century is therefore vague. Perhaps the

shared distribution of C. spiloptera between

the Potomac and its sister Chesapeake

drainage, the Susquehanna, lends most
plausibility to native status.

The Bluntnose Minnow, Pimephales no-

tatus, was recorded through much of this

century from several habitats in the study

area (Appendix I), and upstream of this area

in the Potomac basin (e.g., USNM 62551,

Israel Cr., Washington Co., Maryland,

1903). It was abundant early in the century

(Bean & Weed 1911, McAtee & Weed
1915) and is pervasive and abundant in

much of the Potomac drainage today (Jen-

kins & Burkhead 1993). However, based on

a lack of very early records (e.g., Uhler &
Lugger 1876) and an erratic distributional

pattern, Jenkins & Burkhead regarded this

minnow as probably introduced, perhaps as

forage for cultured game species in the U.S.

Fish Commission's ponds in D.C. in the late

1800s.

The Golden Redhorse, Moxostoma ery-

thrurum, is known in the study area only

from very recent records (Appendix I). Jen-

kins & Burkhead (1993) stated that the first

records from the upper Potomac are from

1953 and, while regarding this species as

native to the James and Roanoke drainages

of the Atlantic Slope, hypothesized that it

was introduced to the upper Potomac with

subsequent rapid downstream dispersal in

recent decades. While there are few cases

of successful transfer and establishment of

redhorses among drainage basins by hu-

mans (e.g.. Fuller et al. 1999), the lack of

early records in the study area of this suck-

er, which is quite vulnerable to capture dur-

ing spring spawning runs, strongly supports

this view. An equally unlikely introduction

is represented by the occurrence of the

Greenside Darter, Etheostoma blennioides,

in the study area though it was considered

native to the Potomac by earlier authors

(e.g., Schwartz 1965, Hocutt et al. 1986). It

shares a very similar chronological history

to that of the Golden Redhorse with no re-

cords in the Potomac prior to the 1950s but

rapid expansion through the drainage in en-

suing decades (Jenkins & Burkhead 1993).

However, R. L. Raesly (pers. comm.) cites

occurrence of two E. blenniodes popula-

tions in the adjacent Susquehanna basin,

where there is collateral faunal evidence of

stream capture, as evidence that this darter

has a long (native) history in the Potomac
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basin. While still not recorded from Virgin-

ia tributaries for quite some distance above

the study area, it has dispersed on the

Maryland versant downstream to at least

Cabin John Run (this study) and was re-

ported once from the main river in 1976

(Appendix I).

Perhaps most problematic of all is the na-

tive status in the study area of the Brook

Trout, Salvelinus fontinalis, and the Black

Crappie, Pomoxis nigromaculatus. The
Brook Trout is native to northern regions of

eastern North America and southward along

the Blue Ridge to Georgia (Etnier & Star-

nes 1993) and certainly is native to the up-

per Potomac (e.g.. Cope 1868). It was pre-

sent in the Difficult Run system, far dis-

junct from the Blue Ridge, from at least

1899, and possibly well before (Smith &
Bean 1899), until its last known occurrence

in 1982 (Appendix III: Odenkirk 1992).

Smith & Bean also speculated it might oc-

cur in other cooler streams of the area, such

as upper Rock Creek, but had no substan-

tiation. Lovich (1984) and Jenkins & Burk-

head (1993) found no stocking records in

Difficult Run prior to 1902 and these au-

thors and Jenkins and Musick (1979) re-

garded these populations as probably na-

tive. In Maryland, Uhler & Lugger (1876)

were unclear on the Brook Trout's distri-

bution. Such phrases as "exterminated near

Baltimore" and other early indications it

was being extirpated by siltation across the

state (Ferguson 1877) indicate it may have

once enjoyed a wide native distribution on
the north side of the Potomac. This possi-

bility may lend credence to the existence of

a relictual population on the river's south

side in Difficult Run. But the lack of other

historical populations between the Difficult

Run and the Blue Ridge, coupled with the

fact that Brook Trout were already being

successfully cultured for reintroduction in

nearby Maryland as early as the 1 870s (Fer-

guson 1877), render that population some-

what suspect. Numerous local reintroduc-

tions of Brook Trout across Maryland have,

of course, blurred any remnants of its native

distributional pattern and it has occurred

sporadically in Potomac tributaries adjacent

to the study area in recent decades (e.g..

Appendix III: Dietemann 1974). It may be

extirpated from the study area.

The Black Crappie occurs today, by vir-

tue of known introductions, far to the north

of the Potomac drainage into Canada (Lee

et al. 1980). As stated above, it was intro-

duced to the D.C. area along with White

Crappie as early as 1894. However, some
possibility exists that this popular pan fish

was native to Atlantic Slope drainages

northward to at least the Potomac based on

the fact that it was sold in the Baltimore

markets decades before that date (Uhler &
Lugger 1876). Unfortunately, no type of

preservation (e.g., salted vs. fresh) was in-

dicated by those authors which might have

given some indication of distances in-

volved. Jenkins & Burkhead (1993) con-

cluded that Black Crappie were probably

not native north of the lower James River

based on the recency and sporadic nature of

records north of that drainage. However a

specimen (USNM 4561) reportedly from

Brookeville, Maryland, near the Patuxent

River north of D.C, cataloged in the 1860s,

begs questioning.

Recapitulation.—Pursuant to the above

discussions, 56 of the total of 86 species

recorded or certainly occurring in the Plum-

mers Island vicinity are considered unques-

tionably native to the area. Thus, 35% per-

cent of fishes found in the vicinity represent

possible or certain introductions of nonna-

tive species. Of these, three species, the

Bowfin, Spotfin Shiner, and Logperch, have

relatively high probabilities of being native

to the lower Potomac. Six (three remaining

established, one repeatedly introduced) are

Eurasian species and 10 are North Ameri-

can species whose native ranges are defi-

nitely extralimital to the Potomac. The re-

maining 1 1 species form a continuum of

possibilities ranging from questionably na-

tive (e.g., Silverjaw Minnow, Spotfin Shin-

er, Brook Trout, Black Crappie, Greenside
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Darter) to most likely introduced (e.g.. War-

mouth, Bluegill).

A residue of 40 of the 56, or 71%, of

definitely native species has demonstrably

viable populations in one or more streams

of the study area (Appendix I). Nineteen of

these species are largely restricted to the

Potomac River by habitat preference. Sev-

eral tributary species may persist in only

one or few streams based on sampling for

this study (e.g., Campostoma anomalum.

Cyprinella analostana, Exoglossum maxil-

lingua, Noturus insignis, Hypentelium ni-

gricans. Coitus girardi, Etheostoma flabel-

lare, and E. olmstedi). Only six (Anguilla

rostrata, Clinostomus funduloides, Rhini-

chthys atratulus, R. cataractae, Semotilus

atromaculatus, and Catostomus commer-

soni) remain relatively pervasive of most

tributaries. These latter will be discussed

more fully in the IBI analyses and Discus-

sion in following pages. Among the 30 non-

native or questionably native species estab-

lished or repeatedly introduced in the Plum-

mers Island vicinity over the years, 21 are

known to maintain currently viable popu-

lations, or continue to be introduced, bring-

ing the total of all (native and nonnative)

fish species known to occur in the area to

at least 62.

IBI Analyses

Construction of the IBI.—Before analyz-

ing the results of the IBI sampling, it is re-

iterated that the present study is somewhat
of a departure from the contextual meth-

odology of prior studies conducted in this

and other regions. It differs from most in

that it is limited in geographic scope. It is

therefore designed to operate within that

context and to be non-reliant on expecta-

tions derived from broad regional studies.

Its chief aim is to provide, station-by-sta-

tion, a solid basis of comparison for future

investigations to monitor improvements or

declines in biotic integrity of tributary fish

populations at these same sites. While it

provides some basis of comparison of hab-

itat quality among streams within the study

area, that is not its principal intent. Neither

is it intended to be compared, in more than

a general way, to results of other IBI studies

in the region whose criteria derive from

broad regional sampling. The strong base of

historical data from the Plummers Island

area demonstrates that these criteria would

be flawed if applied to area stream studies,

especially with regard to predictions of spe-

cies richness.

While the current study's metric criteria

are based on other studies, it differs sub-

stantially from those studies in that rating

criteria for these metrics are intrinsically

derived, independently for each stream, via

empirical historical data (Appendix I) rather

than regionally derived criteria such as that

discussed by Roth et al. (1998), Smogor &
Angermeier (1999a, 1999b, 2001), and Mc-
Cormick et al. (2001). For example, a chief

approach of many regional studies is to as-

sess species richness against a line of max-

imum richness (for a stream of given order)

broadly derived for that region (e.g., Fausch

et al. 1984, 1990; Appendix III: North Car-

olina Div. Water Qual.). These graphic der-

ivations are dependent on baseline data

from a large number of regional streams,

including index streams of exceptional

quality. Such graphs based on streams re-

mote to the area are not suitable for streams

of the biogeographically complex Pied-

mont/Coastal Plain ecotone area of the low-

er Potomac and the lack of suitably unim-

pacted index streams would hinder their

derivation locally based on extant faunas.

Further, Smogor & Angermeier ( 1 999a) ac-

tually found few applicable patterns in the

way functional and taxonomic metrics vary

in the region among different order streams

and recommended empirical approaches

until such patterns emerge. Anthropogenic

effects on assemblages of stream fishes can-

not be interpreted without comparison to

benchmark empirical data (Grossman et al.

1990, Lohr & Fausch 1997) and therefore

the use of historical data was invoked.

The ten metrics adopted in this study
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(Appendix II), based on species richness,

relative tolerances, and guild characteris-

tics, were limited to those which could be

responsive within the constraints of the

area's faunal diversity. In modified form,

eight of these roughly concur with some of

the 14 metrics adopted by Angermeier et al.

(2000) for bioassessment of upland streams

in the Mid-Atlantic region, including three

of those which varied most meaningfully in

their studies (i.e., total number species,

number of mineral substrate spawners, tol-

erant species present). However, such tax-

onomic metrics as numbers of sucker, scul-

pin, sunfish, and darter species were reject-

ed for this study because of the natural lack

of diversity or patchy distribution of some
of these groups in the Plummers Island

area. Some metrics chosen also concur with

those of other regional studies, the more

Coastal Plain oriented efforts of Scott &
Hall (1997) and Roth et al. (1998), but, in

addition to taxonomic metrics cited above,

others were rejected because of different

breakdowns in guild categories.

A few other commonly used metrics

were rejected for, at least insofar as this

study is concerned, what seemed to be bi-

ologically sound reasons. For example,

numbers of individuals of various function-

al or taxonomic groupings are often includ-

ed among IBI metrics, as are numbers of

individuals of tolerant (or intolerant) spe-

cies (e.g., Smogor & Angermeier 1999a).

However, numerous studies (e.g., Schlosser

1985, Matthews et al. 1988, Gelwick 1990,

Matthews 1998 and others) have found that,

while species assemblages, in terms of spe-

cies present, are generally fairly persistent

through time and major natural disturbances

(e.g., floods, droughts) of stream ecosys-

tems, relative abundance of species can be

quite variable due to these natural events

(and thus partially independent of anthro-

pogenic effects). Even so, stability esti-

mates vary. Matthews (1986), Freeman et

al. (1988) and Meffee & Berra (1988)

found assemblages of eastern upland

streams were persistent in terms of relative

species abundance and production., though

recruitment was variable in some species,

probably correlated with environmental

conditions, and there were differences

among sites within streams. On the other

hand, Grossman et al. (1990) reported high

variability in stream assemblages, perhaps

making it difficult to detect anthropogenic

disturbances. Clearly, benchmark empirical

data on natural variation in stream fish as-

semblages are necessary before anthropo-

genic effects can be deduced (e.g., Lohr &
Fausch 1990). While it is tempting to in-

clude what, in some cases, seem to be ob-

vious numerical dominance of species rated

as tolerant, or of various functional group-

ings, in Plummers Island areas streams, this

was refrained from because of uncertainties

in natural variation just discussed. Species

regarded as tolerant may exhibit numerical

dominance in situations involving both de-

graded and more pristine habitats, especial-

ly in smaller streams (pers. observ.). Mere
persistence of species, generally agreed

upon as being less susceptible to natural

phenomena than relative abundance, were

therefore chosen as more applicable met-

rics. While Grossman et al. (1985) conclud-

ed that persistence, based on the presence

or absence of species, may be an inappro-

priate criterion for quantification of assem-

blage organization, determination of such

organization is not a primary aim of an IBI

and its retention as metric criteria seems ap-

propriate. The efficacy of an IBI or other

bioassessment approaches may be initially

compromised by lack of understanding of

natural variations in species assemblage.

However, by its very nature, the easily re-

peatable methodology of the IBI, in com-

bination with water quality data and log-

ging of stochastic natural events, may fa-

cilitate the eventual teasing apart of varia-

tion associated with these factors.

Another commonly used metric, presence

or absence of diseased fishes was not em-
ployed in this study. No obviously diseased

fish were noted at any of the sample sites;

thus addition of this metric would have
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equally raised the ratings of each site across

the board. In the event that diseased fishes

are encountered at any of these sites in the

future, for comparative purposes, use of this

metric could be considered by upwardly ad-

justing all sites in the current study and ac-

cordingly down-rating those sites with dis-

eased fish at future dates.

Karr et al. (1986) and Smogor & Anger-

meier (1999a, 1999b) recommended that

the percentage of species rated as tolerant

in a region should be kept low, perhaps 10-

15%, in order to assure that this metric re-

flects only the lower end of the biotic in-

tegrity continuum, though Smogor & An-

germeier (1999a) also acknowledged that a

0.50 occurrence of these species may be

normal in smaller streams of the Virginia

region. Eight of 39 (or 20%) expected spe-

cies (Appendix II) in Plummers Island area

tributaries are rated as tolerant based on a

consensus of sources. Inspection of Appen-

dix I reveals that three of these species are

widely successful (i.e., probably high tol-

erance), introduced species that have inflat-

ed this component. It is felt that reclassifi-

cation of any species here treated as tolerant

in order to conform to the above criteria

would result in flawed assessments (i.e., ar-

tificially high) of biotic integrity and this

slightly higher percentage is retained for the

analysis. Those authors also recommended
only 10% or less of species in a region be

classified as intolerant to maintain sensitiv-

ity to high biotic integrity. The five of 39

(12%) species so classified herein (Appen-

dix II) approximates that criterion.

Some metrics used in this and all other

IBI studies seem inherently redundant and

may raise concerns about "double count-

ing" or unduly weighting the significance

of the presence of certain species. For ex-

ample, as noted above successfully intro-

duced species correspondingly usually are

rated as tolerant and the two metrics based

on numbers of nonnative species and tol-

erant species, respectively, may therefore

seem non-independent. However, inspec-

tion of Appendix II reveals that some non-

native species (e.g., Pimephales notatus,

Lepomis cyanellus), which apparently were

successfully naturalized for a time (Appen-

dix I), are no longer present in some or all

streams or are locally extirpated while some
purportedly less tolerant native species re-

main. The assumed relationship between

successful nonnative status and tolerance

may not be well understood and thus main-

taining some independence of these metrics

is warranted. Similar concerns might arise

over the obvious positive correlation be-

tween such metrics as total species present

and metrics based on the numbers of rep-

resentatives of various guilds present. But

elimination of various guild metrics would

be to sacrifice independent tools which may
afford insight on how biotic integrity is re-

sponding to environmental alterations.

Some IBI studies (e.g.. North Carolina

Div. Water Qual.) disregard young-of-year

age classes in scoring presence/absence of

species related to various metrics. However,

arbitrary exclusion of individuals that, es-

pecially in the case of short-lived species,

may have attained 30 percent of their adult

life span (e.g., Grossman et al. 1985) seems

to ignore strong evidence of species persis-

tence and young-of-year are here accorded

equal status. Moreover, the multiple year

class metric used herein addresses any con-

cerns about suspect recruitment success.

The employment of shorter but inten-

sively sampled reaches in this study differs

from that of many other IBI applications

which typically employ standardized, single

electroshocker passes over longer reaches.

These may range from one to six hundred

meters. Angermeier & Karr (1986) have

recommended minimum 300 m reaches to

assure adequate sampling for species rich-

ness and other aspects by single pass meth-

ods. However, in connection with popula-

tion estimates, Riley & Fausch (1992)

maintained the efficacy of single pass sam-

pling is limited (e.g., Bohlin & Sundstrom

1977, Peterson & Cederholm 1984) and

recommended three or more passes per

sample reach. While studies aimed at IBl
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assessment and population estimates differ

in their aims, the implications for under

sampling of species important to metrics are

implicit. In this study, with the limited ac-

cessibility and collecting constraints in

heavy residential and park land areas, the

employment of long sample reaches was

not practical. However, it is felt that the in-

tensive, near total removal method in short-

er but physically diverse reaches overcomes

this limitation. Bayley and Peterson (2001)

have demonstrated that total species pres-

ence is often (86% of times) not revealed

by standard gear methods. Their standard

methods employed limited pass efforts to

estimate richness. Total richness, against

which these efforts were tested, was deter-

mined by total removal methods, much the

same as utilized herein. Moreover, Lohr &
Fausch (1997), in a rigorous comparative

study, found only limited increments of

species richness added with increased scale

and that robust estimates of species richness

were obtained by thoroughly sampling two

contiguous riffle/pool units in smaller

streams much the same as was conducted

in this study except for the two largest

stream sites. Hill & Grossman (1987) have

demonstrated that 30 m encompasses the

home range of many small upland stream

species further validating such a reach as a

meaningful sampling unit. Inspection of

Appendix II for expected occurrences re-

veals, in the experience of the author, that

missing species are not generally those that

tend to be rare and localized in streams

where they occur, but instead are rather

ubiquitous throughout, with the possible ex-

ception of Notropis amoenus, which, as has

already been noted, may be extirpated from

the entire area. Therefore, even though they

might persist in other portions of a given

tributary system, their absence from an IBI

study reach is significant.

Freeman et al. (1988) found significant

variation in fish assemblage stability at dif-

ferent sites within stream systems and Mat-

thews (1986, 1998) and Ross et al. (1985)

have pointed out longitudinal zonation phe-

nomena in species compositions in stream

fishes with respect to changing physical

habitat and stream order and the importance

of sampling multiple, individually analyzed

sites. Multiple, spatially well separated, in-

tensively sampled sites were employed in

this study where possible to accommodate

these concerns and intuitively would better

address them then would single, linearly

more extended sites commonly used in oth-

er IBI studies.

In order to prevent artificially high ex-

pectations of species or species richness for

smaller streams based on empirical data,

care was exercised in including only those

species known to occur in the habitat types,

with respect to stream order and physical

habitat, that comprised the respective sam-

ple sites. Historical records upon which

these expectations are based are vouchered

via museum specimens but exact sampling

sites within those streams are not known.

Some of the samples of McAtee & Weed
(1915) may have been from very near the

mouths of these streams, hence the care tak-

en to ascertain which of included species

would also be expected in more upstream

reaches. Such adjustments are important to

accurate assessments of biotic integrity (Os-

borne et al. 1992). Only in the case of No-

tropis amoenus was there some doubt with

regard to inclusion. Throughout much of its

range (New York to South Carolina) this

species is a denizen of medium and larger

streams, though Snelson (1968) stated that

it inhabits smaller streams in more northerly

portions of that range and Jenkins & Burk-

head (1993) map some populations in

smaller streams of northern Virginia. This

minnow now seems to be extirpated from

the entire study area (Appendix I); thus the

nature of it's occurrence is hard to evaluate.

However, removal of this single species

would effect only very minimal upward ad-

justments in ratings of biotic integrity. No
unexpected species were found at study

sites which might have required adjust-

ments in rating criteria.

Results and discussion.—Examination of
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the results of IBI analyses (Appendix II) are

strongly indicative of generally depressed

stream health in tributaries examined
throughout the Plummers Island study area.

Based on the rating scale devised for this

study, the current compositions of fish com-

munities at sample sites indicate that habitat

quality ranges from poor to good. Only one

stream, Turkey Run, was rated as Poor with

an IBI score of 20 (of possible 50). How-
ever, five other sites rated as Fair had

scarcely higher scores, bordering on Poor.

These were the upper and lower Dead Run
sites, Scott and Bullneck runs, and the low-

er Cabin John run site. Surprisingly how-

ever, for an area of considerable suburban

development, four sites, including three

Difficult Run sites and the lower Rock Run
site, were actually rated as Good by the IBI.

Furthermore, three sites rated as Fair (lower

Difficult Run, Old Farm Cr., upper Rock
Run) actually closely approached scores

that would have yielded a Good rating. No
sites closely approached an excellent rating

with the highest rated site. Difficult 4 (Little

Difficult Run), scored at 36, falling well

short of the required 41.

Examination of Appendix II reveals that

every sample site probably has had a few

to many, otherwise relatively ubiquitous,

species extirpated from it, or they may have

been reduced to levels that negate consis-

tent capture. These include many species

rated has having medium or high tolerance.

Some examples are Campostoma anomal-

um, Clinostomus funduloides, Luxilus cor-

nutus, Notropis procne, Hypentelium nigri-

cans, Noturus insignis, Lepomis auritus,

and Etheostoma olmstedi. These species are

persistent in many other streams peripheral

to the Plummers Island study area (e.g.. Ap-

pendix III: Yarrington 1990 and Montgom-
ery Co. Dept. Environ. Prot. Data). The
Tessellated Darter, Etheostoma olmstedi, re-

mains particularly successful in the sur-

rounding area (e.g., Yarrington, 1994).

These conspicuous absences from several

study site samples are indicative of the

magnitude of the depressed biotic integrity

in some of the Plummers Island area

streams.

Those smaller streams (i.e., Turkey,

Dead, Scott, and Bullneck runs) with lowest

cumulative IBI scores (Poor to Fair ratings)

tended to score low on all metrics positively

correlated with stream health except that re-

lated to recruitment (percentage species 2

+ age classes present) and to presence of

nonnative species (Appendix II). Fifty- to

one hundred-percent of species present in

these streams were represented by multiple

year classes so, while numbers of overall

species are reduced, those remaining con-

tinue to exhibit relatively healthy popula-

tions. All four streams had greatly de-

pressed numbers of native and total species

present relative to that expected as well as

representatives of all feeding and reproduc-

tive guilds employed in the metrics. No
guild has been particularly more successful

at persisting in these streams than any other.

Especially noteworthy were the extremely

reduced numbers of substrate manipulator

spawners, species that might be expected to

overcome a certain amount of the effects of

siltation via this manipulation (e.g., Smogor
& Angermeier, 1999b). However, these

fishes fared worse or no better than simple

mineral substrate spawners did. Possible

reasons for this are discussed below. Scores

were further reduced by the relatively high

percentages of tolerant (versus lower toler-

ance) species present in these streams.

The larger stream with a low IBI score,

lower Cabin John Run (22), scored low on

eight of ten metrics but, unlike smaller

streams with low scores, did not score high

for recruitment of those few species that re-

mained present. Again, both numbers of ex-

pected native and nonnative species were

greatly depressed as were representatives of

all guilds used in the metrics. Surprisingly,

and unlike the smaller streams. Cabin John

did not have a disproportionately high num-

ber of tolerant species present. Possible rea-

sons are discussed below.

Those streams with Good ratings, the

three remaining Difficult Run sites and low-
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er Rock Run, all medium to small creeks,

showed increased scores over other streams

of comparable size generally across the

board in all metrics except nonnative spe-

cies present and recruitment. Consistently

higher scores were realized from the pro-

portionately lower number of tolerant spe-

cies present in these streams and, directly

related to increased numbers of overall spe-

cies, the increased numbers of representa-

tives of all feeding and reproductive guilds,

particularly benthic insectivores and simple

mineral substrate spawners.

Examination of the guild metrics reveals

a plausible explanation for the tolerant na-

ture of the few species that persist in the

most degraded streams of the Plummers Is-

land area. This reasoning also seems cir-

cuitously applicable to some odd results of

the lower Cabin John Run sampling. The

consistently most resilient species in all

streams are two daces, Rhinichthys atratu-

lus and R. cataractae, and the Creek Chub,

Semotilus atromaculatus. The daces both

belong to the benthic insectivore and simple

substrate spawner guilds (Appendix II).

Other members of these guilds have been

eliminated from these streams in many cas-

es. However, only the Rhinichthys species

both feed and spawn in the swiftest portions

of riffles. They are thus most assured of

purgation of silt or excessive periphytic

growth in the habitat that supports two ma-

jor facets of their ecology. While larval

dace inhabit slacker habitats along stream

margins (McPhail & Lindsey 1970), they

feed above the bottom on planktonic organ-

isms then move back into more current-

swept areas at an early age (Traver 1929),

thus probably reducing their susceptibility

during early life history stages. The White

Sucker, Catostomus commersoni, exhibits

somewhat similar habits and some measure

of resilience (Appendix II), even though the

consensus tolerance rating for this species

is medium. The Creek Chub, on the other

hand, while an inhabitant of pool areas,

feeds heavily at the surface on fallen insects

and constructs clean gravel nests in which

to spawn, thus possibly overcoming the ef-

fects of siltation or algal growth. Substrate

manipulator spawners (e.g., Nocomis) may
successfully avert depressed spawning suc-

cess due to siltation but succumb to it in

later life if they typically feed on benthos

in less current-swept areas. Further, loss of

keystone gravel nest-building species, such

as Nocomis (e.g., from Cabin John Run,

Appendix I) collaterally effects communal
spawning associates (e.g., Notropis rubel-

lus) and may result in their demise. Tolerant

species, then, possess a combination of hab-

its that reduce their vulnerability to degrad-

ed habitats while those with other combi-

nations have been less successful in Plum-

mers Island area streams. Smogor & An-

germeier (1999b) found correlations

suggesting that generalists and tolerant spe-

cies may be somewhat synonymous. How-
ever, guild combinations may be more im-

portant.

While the lower Cabin John sampling

yielded a low IB I score, it scored surpris-

ingly high in the metric related to percent-

age of tolerant species, having only three of

nine species present regarded as tolerant, a

score comparable to that found for this met-

ric in streams with Good ratings. Inspection

of the data (Appendix II) reveals that this

is brought about by the presence of six spe-

cies of medium tolerance, including the

aforementioned White Sucker whose toler-

ance rating may eventually deserve recon-

sideration, in the face of an overall reduced

number of species from that expected. Two
species, the Stoneroller, Campostoma an-

omalum, and the introduced Greenside

Darter, Etheostoma blenniodes, possess

combinations of characteristics that may
sustain them. The Stoneroller is a benthic

herbivore and a substrate manipulator while

the Greenside Darter exhibits characteristics

roughly similar to Rhinichthys (above).

Two centrarchids, the Redbreast Sunfish

and introduced Smallmouth Bass, are mid-

water or surface predators and substrate

manipulators. It is also very possible that

these species are additionally recruiting
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from the nearby Potomac River, thus arti-

ficially skewing this metric. It is important

to point out that such recruitment is very

likely nonexistent or much reduced at sites

in other streams sampled because of the

highly precipitous nature of their lower

courses and, in most cases, difference in

stream order and thus is not a factor in eval-

uating their metrics, negating the earlier

mentioned concerns of Osborne et al.

(1992).

Future applications of IBI sampling at

sites selected for this study, conducted and

analyzed as described herein, should yield

insights on trends in biotic integrity and, by

extension, habitat quality in Plummers Is-

land area streams. It may also test or shed

additional light on subtrends tied to various

components (i.e., guilds) of the fish fauna

as well as hypotheses posed concerning

their relative tolerances and persistence.

Conclusions

Examination of the history of occurrence

and distribution of fishes in the vicinity of

Plummers Island, Maryland, reveals a mod-
erately diverse native fauna of approxi-

mately 56-60 species. About 25% of these

species are, or were, mainly confined to the

main Potomac River by habitat preferences.

The remainder were largely restricted to

tributaries or were ubiquitous.

The lower Potomac and Plummers Island

area have been particularly bombarded with

introductions of nonnative fish species, both

of North American and Eurasian origin, for

well over a century. No fewer than 30 were

naturalized for a time, or continue to be in-

troduced, and 22 remain an integral part of

the fauna today. Of the total 86 native and

nonnative species recorded from the area,

only 62 are known to persist in the area

today.

A few, otherwise more generally distrib-

uted fishes have enigmatic distributional

patterns in the fall line ecotone area with

no records of occurrence in some heavily

sampled tributary streams with seemingly

suitable habitat in the study area. For in-

stance, when comparing numbers of ex-

pected species (Appendix II) among the

largest tributary watershed. Difficult Run in

Virginia, and smaller watersheds, such as

Cabin John Run in Maryland, conventional

predictions, i.e., those employed in many
IBI criteria, would predict greater species

richness for the larger basin. But this is not

borne out by historical data (Appendix I)

from this well-collected watershed and the

conspicuous absence of such species as the

Silver]aw Minnow, Comely Shiner, Rosy-

face Shiner, Shorthead Redhorse, Trout-

perch, Potomac Sculpin, and some possibly

introduced species (e.g.. Golden Redhorse,

Greenside Darter) from Difficult Run ap-

pear to constitute elements of a real pattern.

Clearly, fishes, in general, are more contin-

uously distributed on the Maryland versant

of the Potomac transecting the study area.

The precipitous lower reaches of Virginia

tributaries, such as Difficult Run, present to

a much lesser extent in Maryland tributar-

ies, may impede colonization by species in-

troduced to the Potomac in recent decades.

Whether this mechanism is a factor in the

history of native fishes is speculative but

must be considered, especially if natural ex-

tirpations occurred during the Pleistocene

and post-glacial recolonization has been se-

lectively constrained by gradient barriers.

Converse to the above pattern, historical

data also show that several of the smaller

tributaries in the study area had species

richness exceeding that which regional IBI

criteria, deriving from modem sampling,

might predict. These phenomena demon-

strate the fallibility of applying broadly de-

rived regional IBI rating criteria to streams

in this complex ecotonal area and the im-

portance of a tailored approach as utilized

herein.

There is some evidence that the C & O
Canal may have served as a conduit for

lowland species to traverse the study area

and to circumvent the precipitous Fall Line

reach of the Potomac, thus introducing a

significant anthropogenic element into cur-
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rent distributions. Daniels (2001) has cau-

tioned that, in New York, the role of canals

in fish dispersal may have been overesti-

mated in the absence of empirical evidence.

However, the potential of the C & O Canal

to entrain lowland and large river species at

its Georgetown terminus in D. C, and, in

succession, through its series of locks up

river, must be recognized and is document-

ed by occurrences of such species as Giz-

zard Shad and Chain Pickerel within it

(McAtee & Weed 1915). The occurrences

of Gizzard Shad, as well as Bowfin, White

catfish, and especially. Eastern Mudmin-
now, in habitats above the Fall Line may
owe to this passage.

Analyses of present day occurrences and

distribution of fishes compared to historical

data reveal a much depressed native fauna

in many tributary streams and, to a lesser

extent, the main Potomac River. Indices of

biotic integrity (IBIs), especially devised

for application to Plummers Island area

tributaries, were effective in indicating not

only the degree to which biotic integrity,

and therefore stream health, has been neg-

atively effected in the area, but also gave

insight as to how various faunal elements

may respond to stresses on those streams.

Despite the pervasive urbanization in wa-

tersheds of area streams, biotic integrity re-

mains surprisingly good at a few sites,

mainly in the Difficult Run system and low-

er Rock Run. These exceptions might be

attributed to preservation of extensive ri-

parian woodland buffers in these systems.

On the other hand, while all area tributaries

have these buffers to some degree, in some
cases they apparently have not been suffi-

cient to overcome the negative impacts of

suburban runoff at points of ingress along

their courses, exacerbated by extensive im-

pervious surfaces within watersheds, result-

ing in poor biotic integrity. Larger, multi-

branched systems, such as Cabin John and

Difficult Runs, suffer degraded integrity in

lower reaches compared to smaller, more
linear, systems (e.g.. Dead and Rock runs),

probably reflecting cumulative impacts in-

flicted across the diverse land usage they

drain. In these streams, then, a negative re-

lationship exists between watershed size

and species richness, controverting the ex-

pected positive relationship assumed by IBI

rating criteria.

The fact that a few streams in the study

area maintain relatively good biotic integ-

rity and compliments of native species

lends encouragement that others could re-

cover with improved conditions. Hopefully,

increased awareness and enforcement of en-

vironmental regulations can provide that

improvement. It is recommended that

bioassessments, such as the IBIs presented

herein, be repeated periodically to monitor

positive or negative trends in fish commu-
nity composition and stream health. These

results might be considered heavily in re-

gional and local policy-making, planning,

and enforcement decisions related to water

quality.
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Appendix I—Historic and present occurrence and native status for fish species in Potomac River (including

C&O Canal) and seven tributaries in vicinity of Plummers Island, Maryland. Native status is given as N
(native) or I (introduced). Years of occurrence are based on following sources: 1861-1899 (except 1876) =

Smith and Bean (1899) and USNM records; 1876 = approximate date from Uhler and Lugger (1876) unless

otherwise footnoted; 1901-1942 (except 1938) = Bean and Weed (1911), McAtee and Weed (1915), con-

firmed by USNM records, plus miscellaneous USNM records; 1938 = Lee et al. (1981); 1944 = surveys of

R.R. Miller et al. (as reported by Manville 1968); 1955 = Appendix IIL Sanderson 1955; 1974 = Appendix

IIL Dietemann 1975; 1976a = Appendix IIL Deitemann & Sanderson 1976; 1978a = Appendix III: Speir

and Early 1978; 1960, 1961, 1962 = Nichols (1968); 1975, 1976b, 1978b, 1982, 1983, 1985, 1986a, 1989 =

Appendix III: Yarrington 1990, Kelso et al. 1991; 1992a = Appendix III: Odenkirk 1992; 1984 = Cummins
(1985); 1985 = Appendix III: Cummins & Lubbers 1985; 1986b = Appendix III: Buckley & Nammack 1987;

1987 = Appendix III: Vadas 1987; 1992b, 1993, 1994 = Appendix III: Tilak & Siemien 1992, 1993, 1994;

1995 = present study; 1996a = Leathery (1999); 1996b = Appendix III: Montgomery County Department

of Environmental Protection; 1999 = Appendix III: Fairfax County Stream Protection Strategy; C and 1979

= circumstantial or actual occurrence based on records in Jenkins and Burkhead (1993) and Christmas et al.

(1998).

FAMILY/Species
(Native Status)

Turkey
Run

Dead
Run

Scott

Run
Bullneck Difficult Cabin
Run Run John Run Rock Run

Potomac
R./C&O

FAMILY
PETROMYZONTIDAE—lampreys
Petromyzon marinus Sea Lamprey (N)

FAMILY ACIPENSERIDAE—sturgeons
Acipenser brevirostrum Short-

nose Sturgeon (N)

Acipenser oxyrinchus Atlantic

Sturgeon (N)

FAMILY LEPISOSTEIDAE—gars

Lepisosteus osseus Longnose

Gar (N)

FAMILY AMIIDAE—Bowfin
Amia calva Bowfin (N?)

FAMILY ANGUILLIDAE—freshwater eels

Anguilla rostrata American Eel 1995 1976b

(N) 1999 1995

1944

1995

FAMILY ENGRAULIDAE—anchovies

Anchoa mitchelli Bay Anchovy

(N)

FAMILY CLUPEIDAE—herrings & shads

Alosa aestivalis Blueback Her-

ring (N)

Alosa mediocris Hickory Shad

(N)

1899

1905

1960

1876

1874

1899

1861

1899

C & 1979

983 1975 1944 1912 1899^'

995 1982 1974 1974 1912

999 1986a 1987 1976a

1989 1995 1978a

1992a 1996a 1986b

1995 1992b

1999 1996a

1984

1899^2

1961

1962

1986b

1992b

1876

18992'
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Appendix I—Continued.

FAMILY/Species
(Native Status)

Turkey Dead
Run Run

Scott

Run
Bullneck Difficult Cabin
Run Run John Run Rock Run

Potomac
R./C&0

Alosa pseudoharengus Alewife

(N)

Alosa sapidissima American
Shad (N)

Dorosoma cepedianum Gizzard

Shad (N)

Dorosoma petenense Threadfin

Shad (I)

FAMILY CYPRINIDAE—minnows
Campostoma anomalum Central 1912

Stoneroller (N)

Carassius auratus Goldfish (I)

Clinostomus funduloides Rosy- 19 12^ 1983

side Dace (N) 1995

1912^

Ctenopharyngodon idella Grass

Carp (I)

Cyprinella analostana Satinfin 1912'

Shiner (N)

Cyprinella spiloptera Spotfin

Shiner (N?)

1912'

1876

1961

1962

1986b

1992b

1876

139924

1961

1962

1993/4

1876

1899

1905

1912

1976a

1978a

1984

1996a

1986b

1992b

C

1986a 1987 1996a

1989 1995

1995 1996a

1999

1996a 1876

1899

1976a

1978a

1986b

1992b

1912^ 19122 19122 19122 1996a

1995 1975 19442 1974

1982 1974 1995

1986a 1995 1996b

1989 1996a

1992a

1995

1999

C

1901 1912' 191218 1899?

1989 1974' 1974' 1912

1995 1996b 1976a

1999 1985

1999 1974'2 1974'2 1899?

1912'2

1922

1976a':

1984'2

1995

1996a
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FAMILY/Species
(Native Status)

Turkey
Run

Dead
Run

Scott

Run
Bullneck Difficult Cabin
Run Run John Run Rock Run

Potomac
R./C&O

Cyprinus carpio Common Carp 1996b

(I)

Ericymba buccata Silverjaw 1912

Minnow (N?)

Exoglossum maxillingua Cutlips

Minnow (N)

Hybognathus regius Eastern Sil- 1912''

very Minnow (N) 1999?

Leuciscus idus Ide (I)

Luxilus cornutus Common Shin- 1912^

er (N)

Margariscus margarita Pearl

Dace (N)

Nocomis micropogon River

Chub (N)

Notemigonus crysoleucas Gold-

en Shiner (N)

1975

1999

1912

Notropis amoenus Comely Shin- 1912

er (N)

Notropis bifrenatus (N) Bridle

Shiner

1912 1909

1910'

1912^

1899

1912

1955

1960

1976a

1978a

1984

1986b

1992b

1995

1996a

1909-lC1 1906

1987

1994

1995

1996b

1975 1912 1912

1986a 1944 1974

1989 1987 1995

1995 1996b 1996b

1999

1876
1899''

1984"

1986b

1992b

1899

19755 19125 19125 19125

1986a5 19445 19745 19845

1989' 19745 1992b

1992a 19875 1995

1995 1995

1999 1996b

189930

I90918

1986a 1912'* 1899''

1992a3'' 194428 1912^

1955

1976a

1978a

1984

1985

1912

1955

1984

1986b

1992b

1995

1996a

18998

19128

1908"*
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Appendix I—Continued.

FAMILY/Species Turkey Dead Scott Bullneck Difficult Cabin Potomac
(Native Status) Run Run Run Run Run Joiin Run Rock Run R./C&0

Notropis hudsonius Spottail 1912 1989 1912 1912 1899

Shiner (N) 1999 1974

1996b

1912

1978a

1984

1985

1986b

1992b

1995

1996a

Notropis procne Swallowtail 1912'8 1975 1912 1899

Shiner (N) 1989

1995

1999

1944

1987

1995

1996b

1976a

1978a

1992b

1995

1996a

Notropis rubellus Rosyface 1912' 1912" 1984

Shiner (N) 1995

Pimephales notatus Bluntnose 1912 1912 1893 1975 1909 1912 1909

Minnow (I?) 1999 1983 1912

1974

1996b

1974 1912

1929

1976a

1984

1985

1992b

1995

1996a

Pimephales promelas Fathead 1995

Minnow (I) 1999

Rhinichthys atratulus Blacknose 1912"' 1912'° 1912'" 1995 191210 1912'° 1912'° 191210

Dace (N) 1995 1976 1993 1999 1975 1944 1974

1999 1983 1995 1982 1974 1995

1995 1999 1986a 1987 1996b

1999 1989

1992

1995

1999

1995

1996b

Rhinichthys cataractae Longno- 1995 1912 1983 1975 1912 1912 1912

se Dace (N) 1999 1983 1995

1999

1982

1986a

1989

1992a

1995

1999

1944

1974

1987

1995

1996b

1974

1995

1996b

Semotilus atromaculatus Creek 1912 1912 1912 1995 1912 1912 1912 1912

Chub (N) 1999 1976 1983 1999 1982 1944 1974

1999 1999 1986a

1992a

1995

1999

1974

1987

1995

1996b

1995

1996b

Semotilus corporalis Fallfish (N) 1999? 1912

1944

1996b

1955

1996a

Tinea tinea Tench (I) 1899
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Appendix I—Continued.

FAMILY/Species Turkey Dead Scott Bullneck Difficult Cabin Potomac
(Native Status) Run Run Run Run Run John Run Rock Run R./C&0

FAMILY CATOSTOMIDAE—suckers

Carpiodes cyprinus Quillback 1899

Carpsucker (N) 1912

1978a

1984

1992b

1996a

Catostomus commersonii White 1999 1976 1912 1975 1912 1912 1899

Sucker (N) 1983 1983 1982 1944 1974 1912

1995 1995 1986a 1974 1995 1955

1999 1999 1989 1995 1996b 1976a

1992 1996b 1978a

1999 1984

1992b

Erimyzon oblongus Creek Chub- 1913 1899

sucker (N) 1912" C

Hypentelium nigricans Northern 1912 1986a 1912 1912 1899

Hogsucker (N) 1995

1999

1974 1974 1912

1955

1978a

1995

1996a

Moxostoma erythrurum Golden 1996b 1992b

Redhorse (I?)

Moxostoma macrolepidotum 1912 1899

Shorthead Redhorse (N) 1955

1976a

1978a

1992b

1996a

FAMILY ICTALURIDAE—bullhead catfishes

Ameiurus catus White Catfish 1876

(N) 1899

1912

1978a

1992b

Ameiurus natalis Yellow Bull- 1999 1995 1999 1999 1995 1899

head (N) 1996b 1912

1955

1976a

1978a

1992b

1995

Ameiurus nebulosus Brown 1975 1899

Bullhead (N) 1999 1912

1976a

1986b

1992b

llctalurusfurcatus Blue Catfish (I) 1905?

1912?

1955?

1992b?
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Appendix I—Continued.

FAMILY/Species
(Native Status)

Turkey
Run

Dead
Run

Scott

Run
Bullneck
Run

Difficult

Run
Cabin

John Run Rock Run
Potomac
R./C&0

Ictalurus punctatus Channel Cat- 1974 1889

fish (I) 1899

1907

1955

1960

1976a

1978a

1984

1986b

1992b

Noturus gyrinus Tadpole Mad- 191 P'?

tom (N)

Noturus insignis Margined Mad- 1982 1912'2 191212 1876

tom (N) 1986a

1989

1995

1999

1995

1996b

1899

1912'2

1976a

1978a

FAMILY UMBRIDAE—mudminnows

Umbra pygmaea Eastern Mud-
minnow (N)

FAMILY ESCODIAE—pikes

lEsox lucius Northern Pike (I)

Esox niger Chain Pickerel (N)

FAMILY SALMONIDAE—salmons and relatives

Salmo trutta Brown Trout (I)

Salvelinus fontinalis Brook
Trout (I?)

FAMILY PERCOPSIDAE—trout-perches

Percopsis omiscomaycus Trout-

perch (N)

FAMILY ATHERINIDAE—silversides

Menidia beryllina Inland Silver-

side (N)

FAMILY BELONIDAE—needlefishes

Strongylura marina Atlantic

Needlefish (N)

FAMILY FUNDULIDAE—killifishes

Fundulus diaphanus Banded
Killifish (N)

1999?

1993?

1912' C

1982

1986a

1992a

1899

1927

1975

1978b

1982

1899' 1899' 1876

1906

1911

1984

1986b

1992b

189926

1992b

1910

1914

1926

1984

1986b

1992b
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Appendix I—Continued.

FAMILY/Species
(Native Status)

Turkey
Run

Dead
Run

Scott

Run
Bullneck Difficult Cabin
Run Run John Run Rock Run

Potomac
R./C&O

FAMILY POECILIIDAE—livebearers

Gambusia holbrookii Eastern 1999

Mosquitofish (N)

FAMILY COTTIDAE—sculpins

Cottus girardi Potomac Sculpin

(N)

FAMILY MORONIDAE—temperate basses

Morone americana White Perch

(N)

Morone saxatilis Striped Bass

(N)

FAMILY CENTRARCHIDAE—sunfishes

Ambloplites rupestris Rockbass

(I)

Chaenobryttus gulosus War-

mouth (I?)

Enneacanthus gloriosus Blues-

potted Sunfish (N)

Lepomis auritus Redbreast Sun- 1912

fish (N) 1999

1912

Lepomis cyanellus Green Sun-

fish (I?)

1999

194431

1987?

1996b

1876

1912

1961

1962

1984

1986b

1992b

1876

19121*

1962

1986b

1992b

1993

1912 1899

1912

1955

1996a

1999 1912 1899

1912

1993

1996a

1899"

1926

1912 1912 1912 1899

1989 1995 1974 1912

1999 1996b 1995 1955

1976a

1978a

1992b

1995

1996a

1975 1974 1911 1912

1982 1996b 1912 1984

1989 1974 1992b

1995 1995

1999 1996b
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Appendix I—Continued.

FAMILY/Species Turkey Dead Scott Bullneck Difficult Cabin Potomac
(Native Status) Run Run Run Run Run John Run Rock Run R./C&0

Lepomis gibbosus Pumpkinseed 1912 1912 1912 1912 1912 1899

(N) 1995 1975 1974 1974 1912

1999 1995

1999

1996b 1955

1978a

1984

1985

1986b

1992b

1995

1996a

Lepomis macrochirus Bluegill 1999 1995 1975 1974 1974 1900'5?

(I)

\

1999 1982

1986a

1989

1992a

1995

1999

1996b 1995 1910

1955

1978a

1984

1985

1992b

1995

1996a

Lepomis megalotis Longear Sun- 1975 191 P=?

fish (I) 1999 1984

1985

1992b

1995

1996a

Lepomis microlophus Redear 1995

Sunfish (I)

Micropterus dolomieu Small- 1999 1912 1912 1995 1974 1899

mouth Bass (I) 1975

1986

1989

1992

1996b 1912

1955

1976a

1978a

1984

1985

1992b

1995

1996a

Micropterus salmoides Large- 1999 1995 1982 1974 1974 1876'^?

mouth Bass (I) 1986a

1989

1992a

1999

1996b 1899

1911

1955

1978a

1984

1985

1986b

1992b

1996a

Pomoxis annularis White Crap- 1894

pie (I) 1907

1914

1976a

1978a

1984

1993
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Appendix I—Continued.

FAMILY/Species Turkey Dead
(Native Status) Run Run

Scott

Run
Bullneck
Run

Difficult

Run
Cabin

John Run Rock Run
Potomac
R./C&O

Pomoxis nigromaculatus Black

Crappie (I?)

FAMILY PERCIDAE—perches
Etheostoma blennioides (I)

Greenside Darter

Etheostoma flabellare Fantail 1999

Darter (N)

Etheostoma olmstedi Tesselated 1912'

Darter (N)

Perca flavescens Yellow Perch

(N)

Percina caprodes Logperch (N?)

Percina notagramma Stripeback

darter (N)

Percina peltata Shield Darter

(N)

Stizostedion vitreum Walleye

(I?)

1975

19121

1995

1894

19121*^

1955

1978a

1992b

1995

1976a

1989 1909 1912

1992 1944 1974

1999 1996b 1995

1996b

1975 19121' 19121' 1912"

1982 194429 1995 1976a

1986a 1974 1996b 1986b

1989 1987 1992b

1995 1995 1996a

1999 1996b

1912

1984

1986b

1992b

1876

1899

1938

C?

1899"

1926

1976a?

1901

1913

1916

1942

1992b

as Esox reticulatus; ^ as Leuciscus or Clinostomus vandoisulus; ^ as Notropis analostanus; * as Hybognathus

nuchalis; ^ as Notropis cornutus; ^ as Hybopsis kentuckiensis; ' perhaps confounded, in part, with Notropis ru-

bellus; * in part, as Notropis photogenis (a species not occurting on Atlantic Slope); ' perhaps as Notropis arge;

1° as Rhinichthys atronasus; " as Erimyzon sucetta oblongus; '^ as Schilbeodes insignis; i' as Percopsis guttatus;

i"* as Roccus lineatus; i^ possibly as Lepomis pallidus; i^ as Pomoxis sparoides; " as Boleosoma olmstedi and B.

ejfulgens; i* based on USNM records, species McAtee and Weed or contemporaries collected but failed to report

in 1915; i' as Notropis amoenus; ^° as Acipenser sturio; ^' as Anguilla chrysypa; ^^ as Pomolobus aestivalis; -'

as Pomolobus mediocris; '^* as Pomolobus pseudoharengus; ^^ as Hadropterus peltatus; ^* as Tylosurus marinus;
^' as Schilbeodes gyrinus; ^* as hybrids with Luxilus cornutus; ^' as Etheostoma nigrum olmstedi; '" as Leuciscus

margarita; 'i as Cottus bairdii; '^ as Notropis spilopterus; '^ part as Enneacanthus obesus; '" as "bluehead chub";
^^ possibly as Lepomis soils;

'^^ 1876 M. salmoides from Bean and Weed (1911), not Uhler and Lugger (1876).
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Appendix II—Expected and actual occurrences and IBI classifications and metrics scores of fish species at

1995 IBI sample sites in Potomac River tributaries in vicinity of Plummers Island, Maryland. Expected occur-

rences ("E") are based on historical data in Table 1 and other factors (Methods). Metrics scoring is explained

in Methods. Abbreviations are: N = native, NN = nonnative, O = omnivore, MI = midwater insectivore, BI
= benthic insectivore, BO = benthic omnivore, BH = benthic herbivore, P = piscivore, C = catadromous.

Species IBI Class Turkey Run Dead Run I Dead Run 2

Anguilla rostrata N, O, C, T 1-1,2-1,4-1 E E
Campostoma anomalum N, BH, SM, M E E E
Clinostomus funduloides N, MI, MS, M 2-10 E E
Cyprinella analostana N, MI, SM, M E E E
Ericymba buccata N, BI, MS, M E E E
Exoglossum maxillingua N, BI, MS, M
Luxilus comutus N, MI, MS, M E E E

Nocomis micropogon N, BI, SM, M
Notemigonus crysoleucas N, O, V, T
Notropis amoenus N, MI, MS, I E E
Notropis hudsonius N, BO, V, I

Notropis procne N, BI, MS, M E E
Notropis rubellus N, MI, SM, I

Pimephales notatus NN, BO, SM, T E E
Rhinichthys atratulus N, BL MS, T 0-22, 2-2, 3-9 1-24, 2-2 1-6, 2-26, 3-t

Rhinichthys cataractae N, BI, MS, M 3-1 E E
Semotilus atromaculatus N, MI, SM, T E 0-6, 1-2, 2-3,

5-1
2-6, 4-1

Semotilus corporalis N, MI, SM, M
Catostomus commersoni N, BO, MS, M E 1^, 2-5, 4-1 3-1

Erimyzon oblongus N, BO, MS, M
Hypentelium nigricans N, BI, MS, M E E
Moxostoma erythrurum NN, BL MS, M
Mosostoma N, BI, MS, M
macrolepidotum

Ameiurus natalis N, BI, SM, T
Ameriurus nebulosus N, BI, SM, T
Noturus insignis N, BI, SM, M E E E
Salmo trutta NN, MI, MS, M
Salvelinus fontinalis N, MI, MS, I

Percopsis omiscomacus N, BI, V, I

Cottus girardi N, BI, SM, M
Lepomis auritus N, MI, SM, M E E
Lepomis cyanellus NN, MI, SM, T
Lepomis gibbosus N, MI, SM, M E E
Lepomis macrochirus NN, MI, SM, T
Micropterus dolomieu NN, P, SM, M
Micropterus salmoides NN, P, SM, M
Etheostoma blennioides NN, BI, MS, M
Etheostoma flabellare N, BI, SM, M
Etheostoma olmstedi N, BI, SM, M E E E

IBI Metrics and Scores

Total Species Present/Expected 4/18 (.22) 2 3/16 (.18) 1 3/14 (.21) 2

Native Species Present/Expected 4/17 (.23) 2 3/15 (.20) 1 3/14 (.21) 2

Nonnative Species Present/Expected 0/1 (00) 5 0/1 (00) 5 0/0 (00) 5

Total Tolerant Species/Total species 2/4 (.50) 3 2/3 (.66) 2 2/3 (.66) 2

Percentage Species 2+ Age Classes Present 0.50 3 1.00 5 0.66 4
Mineral Substr. Simple Spawners Pr/Exp. 3/9 (.33) 2/9 (.22) 1 2/6 (.33) 2

Substrate Manipulator Spawners Pr/Exp. 0/8 (00) 1/6 (.16) 1 1/7 (.14) 1

Benthic Insectivores Present/Expected 2/6 (.33) 2 1/6 (.16) 1 1/5 (.20) 1

Midwater Insectivores Present/Expected 1/7 (.14) I 1/5 (.20) 1 1/6 (.16) 1

Benthic Omnivores Present/Expected 0/2 (00) 1/2 (.50) 3 1/2 (.50) 3

Total IBI Score (of possible 50) 20 21 23

Habitat Rating Poor Fair Fair
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Appendix II—Extended. MS = mineral substrate simple spawner, SM = substrate manipulator spawner, V
= variable spawner, T = tolerant, MT = medium tolerant, I = intolerant. Occurrence data are given as size

(age) class, with numbers (young-of-year) through 6 denoting size classes for each species compiled across

all sites sampled, followed by the number of individuals of that size present.

Scott Run Bullneck R. Difficult 1 Difficult 2 Difficult 3 Difficult 4

3-1 2-3, 4-2 E 2-1,3-1,5-1, 6-1 2-1,5-1 0-1,2-1,4--1

E E E 1-1 E E
E 3-4 1-3 2-6, 5-5 E 1-18, 2-21,

1 1

E. E 1-4, 2-1 2-1, 3-1 E
i—l

E
E E E E E E
E 1-1 2-1 1-1 1-1

E E 2-16, 3-1 1-5, 2-9, 3-5 2-2, 3-3 2-1,3-1,4-1
E E
E E

E E
E

E
E

E E 2-2 2-1 E

E E E E E
0-2, 1-20, 2- 1-18, 2-23, 1-6 0-10, 1-2, 1-2, 2-7, 3--5 0-2, 1-18,

9 3-3 2-10, 3-9 2-21

E 1-2, 3-6 2-2, 3-1 1-6,2-11,3-1 2-1 3-1

0-7, 1-2, 2-2 1-1,2-1 E 2-1 1-3, 2-2 1-15, 2-2,

3-2, 5-1

E E
3-2

1-5, 5-1 E E
E

0-2, 5-1

E
2-3, 4-1 1^, 2-1

E 1-1 1-3, 2-1 2-1

3-1 E
E

E E

E E 4-1 E 3-1 E
E
E

E E E
E

2-1

1-1,2-1

1-2

E
E

0-2, 2-9 E 0-2, 1-3 E E
E 2-11 E E 1-2

E
1-1

E
E

E
2-1

E
E

E
1-21

E
E

E
2-A 1-4, 2-5

IBI Metrics and Scores

6/22 (.27) 2 7/18 (.38) 2 11/31 (.35) 2 15/30 (.50) 3 12/22 (.54) 3 9/16 (.56) 3

6/19 (.31) 2 6/15 (.40) 2 1 1/26 (.42) 3 13/25 (.52) 3 11/19 (.57) 3 9/16 (.56) 3

0/0 (00) 5 2/3 (.66) 2 0/5 (00) 5 2/5 (.40) 4 1/3 (.33) 4 0/1 (00) 5

4/6 (.66) 2 4/7 (.57) 3 1/11 (.09) 5 4/15 (.26) 4 4/12 (.33) 4 3/9 (.33) 4
0.66 4 0.57 3 0.36 2 0.60 3 0.41 3 0.77 4
2/10 (.20) 1 3/7 (.42) 3 7/11 (.63) 4 6/11 (.54) 3 5/9 (.55) 3 6/10 (.60) 3

2/11 (.18) 1 3/10 (.30) 2 4/17 (.23) 2 8/16 (.50) 3 5/12 (.41) 3 2/6 (.33) 2

2/9 (.22) 2 2/6 (.33) 2 6/12 (.50) 3 5/1 1 (.45) 3 6/10 (.60) 3 4/6 (.66) 4
2/7 (.28) 2 3/7 (.42) 3 5/8 (.62) 4 6/10 (.60) 4 4/8 (.50) 3 3/7 (.42) 3

1/2 (.50) 2 0/2 (00) 0/4 (00) 1/4 (.25) 2 1/2 (.50) 3 1/1 (1.0) 5

23 22 30 32 32 36

Fair Fair Fair Good Good Good
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Appendix II—Extended.

Species IBI Class Cabin J. 1 Cabin J. 2

Anguilla rostrata

Campostoma anomalum
Clinostomus funduloides

Cyprinella analostana

Ericymba buccata

Exoglossum maxillingua

Luxilus cornutus

N, O, C, T
N, BH, SM, M
N, MI, MS, M
N, MI, SM, M
N, BI, MS, M
N, BI, MS, M
N, MI, MS, M

Nocomis micropogon N, BI, SM, M
Notemigonus crysoleucas N, O, V, T
Notropis amoenus
Notropis hudsonius

Notropis procne

Notropis rubellus

Pimephales notatus

Rhinichthys atratulus

Rhinichthys cataractae

Semotilus atromaculatus

Semotilus corporalis

Catostomus commersoni

Erimyzon oblongus

Hypentelium nigricans

Moxostoma erythrurum

Mosostoma
macrolepidotum

Ameiurus natalis

Ameriurus nebulosus

Noturus insignis

Salmo trutta

Salvelinus fontinalis

Percopsis omiscomacus
Cottus girardi

Lepomis auritus

Lepomis cyanellus

Lepomis gibbosus

Lepomis macrochirus

Micropterus dolomieu

Micropterus salmoides

Etheostoma blennioides

Etheostoma flabellare

Etheostoma olmstedi

N, MI, MS, I

N, BO, B, I

N, BI, MS, M
N, MI, SM, I

NN, BO, SM, T
N, BI, MS, T

1-2

1-1,2-2

E
E
E
E
E

E
E
E
E
1-5

E
E
1-19

N, BI, MS, M 2-1

N, MI, SM, T E

N, MI, SM, M E
N, BO, MS, M 0-1

N, BO, MS, M E
N, BI, MS, M E
NN, BI, MS, M E
N, BI, MS, M E

N, BI, SM, T
N, BI, SM, T
N, BI, SM, M
NN, MI, MS, M
N, MI, MS, I

N, BI, V, I

N, BI, SM, M
N, MI, SM, M
N, MI, SM, M
NN, MI, SM, T
NN, MI, SM, T
NN, P, SM, M
NN, P, SM, M
NN, BI, MS, M
N, BI, SM, M
N, BI, SM, M

2-1

E
0-12, 2-14
E
0-7, 1-5, 2-3

E
0-1, 1-2,

2-A, 3-1

E
E
1-1,3-16

E
E
E
2-4

E
2-14
E
E

IBI Metrics and

Total Species Present/Expected 9/35 (.26) 2

Native Species Present/Expected 7/28 (.25) 2

Nonnative Species Present/Expected 2/7 (.28) 4

Total Tolerant Species/ Total species 3/9 (.33) 4

Percentage Species 2+ Age Classes Present 0.22 2

Mineral Substr. Simple Spawners Pr/Exp. 5/14 (.35) 2

Substrate Manipulator Spawners Pr/Exp. 3/17 (.17) 1

Benthic Insectivores Present/Expected 4/14 (.28) 2

Midwater Insectivores Present/Expected 1/1 1 (.09) 1

Benthic Omnivores Present/Expected 1/4 (.25) 2

Total IBI Score (of possible 50) 22

Habitat Rating Fair

E
0-10,2-1

Scores

10/26 (.38)

10/22 (.45)

0/4 (00)

3/10 (.30)

0.80

7/10 (.70)

2/14 (.14)

5/12 (.41)

2/8 (.25)

1/3 (.33)

Fair

E
E
0-2, 1-1,3-6

E
E
1-5, 2-8, 3-1

E

0-2

3-1

0-2

0-1, 1-1

E
1-1

0-3, 1-3, 2-5

0-1, 1-1

2

3

5

4

4

4
1

3

2

2

30

13/26

11/24

2/3 (

3/13

0.61

5/11

6/13

7/11

5/10

1/3 (.

Good

(.50)

(.45)

.66)

(.23)

(.45)

(.46)

(.63)

(.50)

,33)

3

3

2

4

4

3

4

4

3

2

32

1,4-3

0-3 E
E

E E
0-88, 1-7, 0-9, 1-7, 0-234, 1-53,

2-9, 3-19 2-10, 3-1 2-58

0-1, 1-7 2-2 E
0-15, 1-2, 0-1,2-2, 0-10, 1-9

2-2, 3-1, 5--1 3-5, 4-1

1-1,2-7, 0-1,2-1,3-3 0-5

3-2, 4-3, 5--1

E E
E E

4/12 (.33)

4/12 (.33)

0/0 (00)

2/4 (.50)

0.75

3/5 (.60)

1/6 (.16)

1/5 (.20)

2/4 (.50)

1/1 (1.0)

Fair

2

2

5

3

4
3

I

1

3

5

29
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Appendix III

Supplemental sources of collection data and other in-

formation not published in the primary literature.

Sources are on file with respective agencies and the

author.

Alliance for the Chesapeake Bay. 2001. Potomac river

fact sheet. Alliance for the Chesapeake Bay,

600, N 2nd St., Harrisburg, Pennsylvania 17101

U.S.A. 2 pp.

Buckley, J. & M. Nammack. 1987. Survey of the Dis-

trict of Columbia's portions of the Potomac and

Anacostia rivers in order to determine seasonal

occurrences, relative abundances, and age com-

positions of anadromous fishes. Fisheries and

Wildlife Branch, D. C. Department of Consum-

er & Regulatory Affairs, 2100 Martin Luther

King Jr. Avenue, Washington, D. C. 20020

U.S.A. Unpaginated.

C & O Canal Association, 1999. About the canal: how
the C & O Canal began. C & O Canal Asso-

ciation, POB 366, Glen Echo, Maryland 20812

U.S.A. 2 pp.

Cummins, J. D. 1989. 1988 survey & inventory of the

fishes in the Anacostia River Basin, Maryland.

Interstate Commission on the Potomac River

Basin Living Resources, Suite 300, Rockville,

Maryland 20852 U.S.A. ICPRB Report 89-2. 37

pp. + appendices.

Cummins, J. D., and L. Lubbers. 1985. Summarization

of fisheries data collected above Little Falls

Dam. Fisheries & Wildlife Branch, D. C. De-

partment of Consumer Affairs etc. (see above).

Ip.

Davis, R. M. & E. C. Enamait. 1982. Distribution and

abundance of fishes and benthic macroinverte-
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Leptodactylus fragilis, the valid name for the

Middle American and northern South American
white-lipped frog (Amphibia: Leptodactylidae)
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Abstract.—Leptodactylus fragilis (Brocchi 1877) is the valid scientific name
for the species of the white-lipped Leptodactylus that occurs from Texas, USA
to Venezuela. Cystignathus labialis Cope 1877 is not conspecific with L. fra-

gilis and is a junior synonym of L. mystacinus (Burmeister 1861).

While creating graphics for nomenclatur-

al changes in the genus Leptodactylus, I

discovered that I had published a significant

and embarrassing error. I find no justifica-

tion for my error; the best recourse is to

outline the facts and correct it.

In a treatment of the systematic s of the

Leptodactylus fuscus species group (Heyer

1978), I concluded that the types of Cystig-

nathus labialis Cope 1878 were conspecific

with Leptodactylus mystacinus (Burmeister

1861) and relegated them to the synonymy
of L. mystacinus.

In 1992, Dubois and Heyer stated that

Cystignathus labialis Cope represented the

same species as Cystignathus fragilis Broc-

chi, 1877, which occurs from Texas in the

United States throughout Mexico and Mid-

dle America to northern Colombia and Ven-

ezuela. Dubois and Heyer (1992) docu-

mented that Cope's paper was actually pub-

lished in 1877 and predated Brocchi's pub-

lication.

The critical and incorrect statement in

Dubois and Heyer (1992:584) is:

"In a revision of the fuscus group, C. fragilis

Brocchi was shown to represent the same species

as C. labialis Cope (Heyer, 1978:31-32)."

Actually, I (Heyer 1978:31-32) argued

that C. labialis Cope did not represent the

same species as C. fragilis Brocchi.

I have re-examined the holotype and par-

atypes of Cystignathus labialis Cope and

re-read Cope's type description. I find that

my 1978 statements are correct and sup-

ported by the specimens and Cope's de-

scription, including provenance of the

types. Among other features, the taxon for

which the appropriate name is Leptodacty-

lus fragilis does not have a pair of distinct,

continuous dorsolateral folds, whereas the

types of C labialis have such folds. The

types of C. labialis Cope, 1877 certainly

did not come from Central America, as dis-

cussed previously (Heyer 1978:32).

Leptodactylus fragilis (Brocchi 1877) is,

thus, the proper name to apply to the white-

lipped Leptodactylus occurring from Texas

to Venezuela. Cystignathus labialis Cope
1877 is a junior synonym of Leptodactylus

mystacinus (Burmeister 1861).

Revalidation of Leptodactylus fragilis

(Brocchi 1877) is certainly an inconve-

nience. However, the impact will be felt pri-

marily by the professional herpetological

community, which has successfully endured

usage changes for the taxon involved. Be-

tween at least 1881 and 1933 most herpe-

tologists considered the Middle American

taxon to be conspecific with the West In-

dian species L. albilabris, which was the

older name (see Smith and Smith 1976).

From 1934 until 1978, the name L. labialis

was used for the taxon, L. fragilis was used
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from 1978 until 1992, and L. labialis from

1992 until the present.

Literature Cited

Brocchi, P. 1877. Sur quelques Batraciens Raniformes

et Bufoniformes d rAmerique Centrale.—Bul-

letin de la Societe Philomathique de Paris Serie

7, 1:175-197.

Cope, E. D. 1877. Tenth contribution to the herpetol-

ogy of tropical America.—Proceedings of the

American Philosophical Society (preprint) 17:

85-98.

Dubois, A., & W. R. Heyer. 1992. Leptodactylus la-

bialis, the valid name for the American white-

lipped frog (Amphibia: Leptodactylidae.—Cop-

eia 1992:584-585.

Heyer, W. R. 1978. Systematics of ihefuscus group of

the frog genus Leptodactylus (Amphibia, Lep-

todactylidae).—Natural History Museum of Los

Angeles County Science Bulletin (29): 1-85.

Smith, H. M., and R. B. Smith. 1976. Synopsis of the

herpetofauna of Mexico, volume IV, Source

analysis and index for Mexican amphibians.

John Johnson, North Bennington, Vermont, 255

pp. (not consecutively numbered).



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
115(2):323-332. 2002.

Asclerocheilus tropicus Blake, 1981 (Polychaeta: Scalibregmatidae):

redescription based on Brazilian specimens

Joao Miguel de Matos Nogueira

Departamento de Zoologia, Institute de Biociencias, Universidade de Sao Paulo (USP),

Rua do Matao, travessa 14, n. 101, Cidade Universitaria, 05508-900, Sao Paulo, SP, Brazil.

E-mail: nogueira@ib.usp.br

Abstract.—Asclerocheilus tropicus Blake, 1981 is redescribed, based on Bra-

zilian specimens found in living colonies of a stony coral around islands off the

coast of the State of Sao Paulo, Southeastern Brazil. This species, previously

known from one specimen collected in Ecuador, shows considerable variation

of characters considered very important for the taxonomy of the genus, such as

the shape of prostoraium and eyes. Variable features within this species and size-

dependent characters are discussed. This study improves the knowledge not only

of this particular taxon but also about the possibility of variation in related taxa.

Scalibregmatids are a small family of

polychaetes, including 15 genera, and are

known mostly from deep-sea bottoms, al-

though several species live in shallow water

(Blake 2000). The group has been studied

mainly by Ashworth (1901), Chamberlin

(1919), Fauvel (1927), Day (1967), and,

more recently, by Kudenov & Blake

(1978), Blake (1981, 2000), and Kudenov

(1984, 1985). The most important taxonom-

ic characters are: the shape of the prosto-

mium, usually with two anterior horns; the

presence and shape of eyes; the presence of

anterior acicular spines and the number of

setigers with those setae; the shape of para-

podia and the presence or absence of dorsal

and ventral cirri; in branchiate taxa, the

shape of branchiae and the number of seg-

ments bearing them; and the ratio between

the tynes of lyrate setae (see Blake 1981,

2000; Kudenov 1984).

In Brazil, the only records for the family

come from Hartman (1965), Bolivar (1990),

and Attolini (1997). Hartman (1965) iden-

tified Asclerocheilus intermedius (Saint-Jo-

seph, 1894) from the Brazilian slope, at

depths of 780 m, while the other authors

recorded the presence of Scalibregma infla-

tum Rathke, 1843 in the states of Sao Paulo

and Rio de Janeiro, respectively, in sandy

and muddy sediments, from 12—197 m in

depth.

Asclerocheilus tropicus Blake, 1981 was

described from a single specimen collected

in Ecuador at a depth of 8-9 m. Due to the

lack of material, Blake (1981) could not

note the variation this species presents in

features considered important for the tax-

onomy of the family, such as the shape of

prostomium and eyes.

Thirty-two specimens of this species

were found in living colonies of the mas-

sive stony coral Mussismilia hispida (Ver-

rill, 1868) in shallow water, around islands

of the state of Sao Paulo. Due to the meth-

odology utilized, it is not possible to locate

precisely the place occupied by the worms
in the corals or the relationship between

them and the hosts, if any exists at all.

In this paper, Asclerocheilus tropicus is

redescribed based on the analysis of these

Brazilian specimens, and an evaluation of

variable and size-dependent features is giv-

en.

Materials and Methods

Twelve colonies of Mussismilia hispida

were collected at Laje de Santos (24°19'S,
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46°11'W), on 17 Mar 1996, and Ilha dos

Alcatrazes (26°06'S, 45°42'W), on 4 Dec

1996; six coral heads were collected at each

station. Both localities are rocky shores

with hemispheric colonies of M. hispida at-

tached to the rocks, as well as large colo-

nies of the cnidarians Palythoa caribaeo-

rum, Zoanthus sociatus and Z. solanderi,

and some algal tufts. The corals were fixed

in 4% formalin and subsequently decalci-

fied with formaldehyde-formic acid solu-

tion (5% formaldehyde, 10% formic acid,

and 85% distilled water). The polychaetes

were sorted from the material, washed, and

stored in 70% ethanol.

Line drawings were made with a drawing

tube, and the measurements of setae, from

slide-mounted specimens (specimens 8-

11), except for the data included in the

comparison between holotype and speci-

mens 1—7 (Table 1), obtained from speci-

mens temporarily mounted in 70% ethanol

in concavity slides. Observations by scan-

ning electron microscopy (SEM) were

made at the Laboratorio de Microscopia

Eletronica, Instituto de Biologia-Universi-

dade Estadual de Campinas (IB-UNI-

CAMP), with JSM-5800LVR equipment,

after critical-point drying and coating with

25 nm gold.

To evaluate the variation within this tax-

on, data from seven specimens, represent-

ing most of the variation observed, were

used to build a comparative table (Table 1).

Those specimens are deposited at the Mu-
seu de Historia Natural (MHN), UNICAMP,
the Zoological Museum of the University

of Copenhagen (ZMUC), and at the Los

Angeles County Museum (LACM).
The holotype of Asclerocheilus tropicus,

kindly loaned by Dr. Kristian Fauchald, was

examined during a visit to the Sandgerdi

Marine Center, Iceland, and the type mate-

rial and additional specimens of A. acirra-

tus, kindly loaned by Dr. Danny Eybie-Ja-

cobsen, were examined during a visit to the

ZMUC, Denmark.

Systematics

Family Scalibregmatidae Malmgren, 1867

Genus Asclerocheilus Ashworth, 1901

Type species.—Lipobranchius interme-

dius Saint-Joseph, 1894.

Asclerocheilus are proportionally long

and slender worms, with segments usually

divided into two or more annuli, and lack-

ing branchiae. Prostomium is T-shaped with

two frontal horns or rounded lateral lobes.

Setae include capillaries, lyrate setae with

unequal tynes, and acicular spines on an-

teriormost 1-4 setigers. Parapodia are bi-

ramous, reduced at least on posterior setig-

ers; dorsal and ventral cirri are absent

throughout the body. Pygidium has anal cir-

ri (Blake 2000).

The genus includes 12 species, most

from deep-sea bottoms (Kudenov & Blake

1978, Blake 2000).

Asclerocheilus tropicus Blake, 1981,

emended
Figs. 1-3

Asclerocheilus tropicus Blake, 1981:1133,

fig. lA-C.

Material examined.—Asclerocheilus tro-

picus: Brazil (Sao Paulo): Laje de Santos

(24°19'S, 46°11'W), off the coast of the

State of Sao Paulo, in colonies of Mussis-

milia hispida, coll. Joao M. M. Nogueira,

3-10 m, 17 Mar 1996; 14 specimens, seven

of which were deposited: specimens 2, 3,

6, and 7 deposited at MHN (MHN BPO JN
48/1-5), specimens 1 and 5 deposited at

ZMUC (ZMUC-POL 1171 and 1172), and

specimen 4 deposited at LACM (LACM-
AHF Alcatrazes Island, Brazil); specimens

1-7 preserved in 70% ethanol, and 8-1

1

mounted in glycerine jelly permanent

slides. U.S.A. (California): San Miguel Is.,

station 1378-41; 2 specimens deposited at

LACM.: Ecuador holotype; 02°11'28"S,

80°56'31"W, Coll. Anton Brunn RA^ CR.

16, 8-9 m, 8 May 1966, deposited at

USNM (65070). Asclerocheilus acirratus:

holotype (LACM-AHF Poly 0486; station
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Fig. 1. Asclerocheilus tropicus, specimen 2. A. Entire animal; B. Acicular spine; C. Lyrate seta; D. Capillary

seta. Scale bars: A = 1 mm; B, C = 20 jjim; D = 30 ixm.

1370-41), Santa Catalina Island; 23004-75

(1 specimen), off Santa Rosa Island; 23038-

75 (1 specimen), off Santa Rosa Island; SCI
20:65 (1 specimen), Santa Catalina Island.

Additional material.—Eighteen speci-

mens, not studied in detail and not depos-

ited, 15 of which from Laje de Santos and

three from Ilha dos Alcatrazes.

Description.—Body elongate, tapering

posteriorly to pygidium, with 19—37 setig-

ers, and 1.8-9.5 mm long by 0.27-0.75 mm
wide. Prostomium with two large and

rounded lateral wings, which are sometimes

separated from central core of prostomium

by conspicuous sulcus; in the absence of

such sulcus, the prostomium appears ante-
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riorly entire (Table 1; Fig. 2A-C); posterior

prostomium usually bearing ocelli, partially

covered by anterior peristomium, and

which may be coalesced in one pair of

broad obliquely longitudinal lines, in two

posterior rounded groups, or in two poste-

rior obliquely transverse lines (Table 1).

Peristomium as a single smooth ring, broad-

er than posterior prostomium and covering

it, but much narrower than setiger 1 (Figs.

lA, 2A-C). Parapodia as short notopodial

and neuropodial cones throughout. Setiger

1 with two rows of 3-6 notopodial acicular

spines each, much thicker than the remain-

ing setae, sickle-shaped in most specimens,

nearly straight in the remaining individuals

(Fig. 3A, B); acicular setae with hispid tips

by light microscopy, highly hirsute by SEM
(Figs. IB, 3A, B); posterior row of spines

with less to as many spines as the anterior

row (Table 1). Lyrate setae present from

setiger 2 until last parapodium, with un-

equal tynes; tynes of lyrate setae with

about two-thirds of the internal edges with

long teeth, last third smooth, forming a

long tip (Figs. IC, 3C-F). Capillary setae

present in all noto- and neuropodial fasci-

cles, except for the first row of acicular

spines on setiger 1; very long and with

plumous bristles along entire length (Figs.

ID, 3A-F; note the bases of the capillaries

in the background). Capillaries measuring

up to more than 400 |xm, varying in length

within the same parapodium; posterior

parapodia usually with shorter capillaries

(Table 1). Lyrate setae in most specimens

shorter on anterior body, ratio between

long and short tynes of lyrate setae from

1.3 to 2.58 (Table 1). Anterior segments

biannulate, with second annulus reduced to

a small intersegmental plate, present mid-

laterally, mid-dorsally, and midventrally

(Figs. lA, 2A-C), midbody setigers each

with three annuli dorsally, and four ven-

trally (Figs. lA, 2B), posterior segments

biannulate (Figs. lA, 2D). Body surface

covered with minute reticulations, espe-

cially in midbody, from setiger 6-7 to 16-

24 (Figs. lA, 2A-C). Midbody segments

highly inflated dorsally, from setiger 6-7

to 16—24, probably due to storage of gam-
etes. Pygidium with 4-5 anal cirri, short

and very thin at the bases (Fig. lA), easily

detachable, with long and thin digitiform

papillae at the tips (Fig. 2D-G).

Variation.—Besides body length and

width, which are obviously related with ag-

ing, the Brazilian specimens described

above differ from the holotype in several

features considered important for the tax-

onomy of this genus, such as the shape of

the prostomium and the presence and shape

of eyes. A comparative analysis of seven

specimens and the holotype is provided in

Table 1. Prostomium is T-shaped in all in-

dividuals, except for specimen 7, but the

lateral wings are not always clearly sepa-

rated from the central core of the prosto-

mium, giving it an anteriorly entire appear-

ance in several specimens (Table 1; Figs.

lA, 2A-C). Because the three longest in-

dividuals present a clearly marked sulcus

between the lateral wings and the central

core of the prostomium, it seems that this

character is size-dependent; however, the

holotype, which is much shorter than any

of the Brazilian specimens, also has those

very distinct lobes (Blake 1981; Table 1).

Eyes are absent in two specimens, present

in the remaining individuals. In the latter

case, the shape of the eyes varies from very

small orange points in the posterior prosto-

mium, only visible by light microscopy

(specimens 1 and 3), to large rounded struc-

tures on the posterior prostomium (speci-

men 2), or disposed in broad obliquely lon-

gitudinal (holotype and specimens 4 and 5)

or transverse (specimens 6 and 7) lines (Ta-

ble 1). The absence of eyes may be an ar-

tifact of the preservation, due to loss of pig-

mentation, but the two eyeless specimens

come from the same coral head as several

eyed specimens and, thus, passed through

the same fixation process. The different

shapes of the prostomium do not seem to

be artifacts. Acicular spines on setiger 1 are

sickle-shaped in most specimens (Fig. 3A),

but three specimens with nearly straight
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Fig. 2. Asclerocheilus tropicus. A. Anterior end; unlabeled arrow indicates sulcus between lateral lobes and

central core of prostomium; B. Same; black arrow points to everted proboscis, white arrow points to prostomium;

C. Same, enlarged view; D. Posterior end; unlabeled arrow points to anal cirrus; E. Same, enlarged view;

unlabeled arrow points to anal cirrus; F, G. Tips of anal cirri, unlabeled arrows point to papillae. A: Specimen

A; B, C: Specimen C; D, E, F: Specimen D; G. Specimen B. Scale bars: A = 50 (jim; B, C = 100 |jim; D =

50 (jim; E = 10 (jtm; F = 4 ixm; G = 3 |xm.

spines were observed (Fig. 3B). The vari-

ation observed in other characters can be

followed in Table 1.

To find additional taxonomic characters

for this family, Blake (1981) suggested that

the lyrate setae could be a valuable feature.

However, detailed analysis of the holotype

and Brazilian specimens of A. tropicus

shows the ratio to be variable (Table 1).

ranging from 1.3 to 2.58. This does not

the ratio between long and short tynes of seem to be size-dependent. Lyrate setae are
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Fig. 3. Asclerocheilus tropicus. A. Acicular setae; B. same; C. Lyrate setae, setiger 2; D. Same, setiger 6;

E. Same, setiger 17; E Same, setiger 3. A: Specimen A; B, C, D: Specimen C; E: Specimen D; F: Specimen

B. Scale bars: A, B = 5 |xm; C = 4 \x.m; D = 4 |xm; E, F = 5 [y.m.

usually shorter on the anterior parapodia

and the ratio between tynes in most speci-

mens is also shorter there than on the other

parts of the body (Table 1).

Discussion.—The original description of

Asclerocheilus tropicus is based on a single

individual. Therefore, Blake (1981) could

not provide any information regarding in-

traspecific variation. The holotype is shorter

and with fewer segments than the Brazilian

specimens here described.

Blake suspects that the development of

lateral prostomial wings and the number of

acicular spines on setiger 1 are size-depen-

dent features (in litt.); my findings support

this theory for both characters, although the

number of acicular spines varies very little.

On the other hand, Blake failed to rec-
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Table 2.—Comparison between the species of Asclerocheilus with acicular spines present only on setiger 1.

Asclerocheilits

acirratus

Asclerocheilus
mexicanus

Asclerocheilus
tropicus

Prostomium

Pair of eyes

Shape of acicular spines

Distribution

Habitat

Lateral horns conspicuous Lateral horns conspicuous

Each eye with oceli in

two transverse parallel

bars

Indistinct, with about the

same thickness as cap-

illary setae

Eastern Pacific (Califor-

nia)

Shallow water, in algae,

usually associated with

an isopod (Leslie Har-

ris, in litt.)

Eyes transverse to

oblique, each with two

partially fused rows of

ocelli

Remarkably stouter than

capillary setae

Lateral horns varying

from indistinct to large

and flaring

Eyes rounded to oblique,

with variable shape,

from rounded to form-

ing a broad spot

Remarkably stouter than

capillary setae

Western Atlantic (Gulf of Eastern Pacific (Ecuador

Mexico)

19-43 m, in sponges, al-

gae, and coralline bot-

toms

and California) and

Western Atlantic (Bra-

zil)

Shallow water, 3-10 m
deep, in algae and cor-

als

ognize the biannulated nature of anterior se-

tigers. However, the second annulus is very

reduced, represented by a very short lateral

and mid-dorsal intersegmental plate (Fig.

2A-C), which, most of the time, is difficult

to observe by stereo- and light microscopy.

Asclerocheilus tropicus belongs to a

group of species characterized by having

acicular spines restricted to the first setiger,

to which also belong A. acirratus (Hartman,

1966), and A. mexicanus Kudenov, 1985.

Table 2 lists the main similarities and dif-

ferences between those species. The taxon

glabrus (Ehlers, 1887), which Blake (2000)

considered as belonging to Asclerocheilus

and also having acicular spines present only

on setiger 1, is now considered as belong-

ing to a different genus (Eybie-Jacobsen, in

litt.), due to the maggot-like shape of the

body, which is in agreement with the cri-

teria established by Kudenov & Blake

(1978) and Blake (1981) for the taxonomy
of the group.

Among the species mentioned above, the

most similar to A. tropicus is A. acirratus,

which also lives at similar depths (Table 2).

These species are so close that some spec-

imens designated by Hartman as A. acir-

ratus, deposited at the LACM, are in fact

A. tropicus.

The two species, however, are distin-

guished because A. acirratus has: eyes co-

alesced in two pairs of horizontal bars

(which may be coalesced in a triangular ar-

rangement), while in the A. tropicus the

eyes vary in shape. Besides, A. acirratus

has acicular spines on setiger 1 very thin

and similar to capillary setae, except for be-

ing much shorter, while in A. tropicus acic-

ular spines are much stouter than other se-

tae, with hirsute tips, and in A. acirratus

prostomial lateral lobes, although variable

in shape (from round lobes to somewhat an-

tenniform structures, or horns) are always

clearly separated from the central core of

the prostomium and are never as broad as

in the longer specimens of A. tropicus (for

example, specimens 2, 4, and 5), nor indis-

tinct, as in the other specimens of the latter

(see Tables 1 & 2).

The LACM specimens mentioned above,

deposited as A. acirratus, can not belong to

the taxon acirratus because of the thickness

of acicular setae, a fact already noticed by

Lesley Harris (in litt.), collection manager
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of the polychaete collection of LACM-Al-
lan Hancock Foundation.

On the other hand, some authors may
find it strange that a species from the Amer-

ican Pacific side be also found on the At-

lantic coast. However, detailed morpholog-

ical examination of the holotype and of the

two California specimens, previously iden-

tified as A. acirratus, revealed no differenc-

es between them and the Brazilian speci-

mens. Therefore, I am presently enlarging

the distribution of this species to include the

Atlantic side of South America.

Distribution.—Pacific Ocean: Ecuador

and California (USA); Atlantic Ocean: Sao

Paulo (Brazil).

Conclusions

The validity of the description of new
taxa based on single specimens is always

controversial, and I believe it is only wor-

thy when the author is absolutely sure about

its novelty. This is the case of Ascleroch-

eilus tropicus because the shape of prosto-

mium is very different from all other pre-

viously known species belonging to this ge-

nus (see Kudenov & Blake 1978). On the

other hand, although correct, descriptions of

new taxa based on single specimens always

open space for further works providing in-

formation on intraspecific variation, when-

ever additional material is obtained. I be-

lieve the present paper contributes to a bet-

ter knowledge of Asclerocheilus tropicus,

and also helps other researchers to infer,

with some caution, possible variation with-

in related taxa.

Acknowledgments

I would like to thank to CNPq (Conselho

Nacional de Desenvolvimento Cientifico e

Tecnologico) and FAPESP (Funda9ao de

Amparo a Pesquisa do Estado de Sao Paulo;

projects 99/11786-6 and 01/03635-0) for

the financial support; to the Departamento

de Zoologia-IB-UNICAMP and Cecilia

Amaral, for all the support; to the Labora-

torio de Microscopia Electronica-IB-UNI-

CAMP, namely the technicians Adriane

Sprogis and Antonia Lima; to Kristian Fau-

chald for kindly loaning the holotype of A.

tropicus; to Danny Eybie-Jacobsen for his

comments and suggestions after reviewing

this manuscript, and for loaning type ma-

terial of other Asclerocheilus taxa, which

had been lent to him for his analysis of the

genus; to Jerry Kudenov, James Blake, and

Leslie Harris for the valuable comments
and suggestions; and to Tatiana Neves and

Fausto Pires de Campos, for allowing col-

lections in both islands, which are protected

areas.

Literature Cited

Ashworth, J. H. 1901. The anatomy of Scalibregma

inflatum Rathke.—Quarterly Journal of Micro-

scopical Science 45:237-309.

Attolini, F. S. 1997. Composigao e distribuifao dos

anelideos poliquetas na plataforma continental

da regiao da Baia de Campos, RJ, Brasil. Un-

published M. S. thesis, Instituto Oceanografico,

Universidade de Sao Paulo, 122 p.

Blake, J. A. 1981. The Scalibregmatidae (Annelida:

Polychaeta) from South America and Antarctica

collected chiefly during the cruises of the RAV
Anton Bruun, RTV Hero and USNS Eltanin.

—

Proceedings of the Biological Society of Wash-

ington 94:1131-1162.

. 2000. Family Scalibregmatidae Malmgren,

1867. Pp. 129-144. in J. A. Blake, B. Hilbig,

& P. V. Scott, eds., Taxonomic Atlas of the Ben-

thic Fauna of the Santa Maria Basin and West-

ern Santa Barbara Channel, vol. 7-The Annel-

ida Part 4. Polychaeta: Flabelligeridae to Ster-

naspidae. 348 pp.

Bolivar, G. A. 1990. Orbiniidae, Paraonidae, Heteros-

pionidae, Cirratulidae, Capitellidae, Maldani-

dae, Scalibremidae e Flabelligeridae (Annelida:

Polychaeta) da costa sudeste do Brasil (22°57'S-

27°20'S). Unpublished Ph. D. dissertation,

Universidade Federal do Parana, 191 pp.

Chamberlin, R. V. 1919. The Annelida Polychaeta.

—

Memoires of the Museum of Comparative Zo-

ology of Harvard 48:1-514.

Day, J. H. 1967. A monograph on the Polychaeta of

Southern Africa. Part II. Sedentaria.—British

Museum of Natural History Publications 656:

459-878.

Ehlers, E. 1887. Report on the annelids of the dredging

expedition of the U.S. coast survey steamer

Blake.—Memoirs of the Museum of Compara-

tive Zoology at Harvard College 15: vi + 1-

335, 60 pis.



332 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Fauvel, P. 1927. Polychetes sedentaires. Addenda aux

Errantes, Archiannelides, Myzostomaires.

—

Faune de France 16:1-494.

Hartman, O. 1965. Catalogue of the polychaetous an-

nelids of the world.—Supplement of Occasional

Papers of the Allan Hancock Foundation 23: 197

pp.

. 1966. Quantitative survey of the benthos of

San Pedro Basin, Southern California. Part 2.

Final results and conclusions.—Allan Hancock

Pacific Expeditions 19:187-456.

Kudenov, J. D. 1984. Family Scalibregmatidae. Pp. 18-

1-18-14. in J. M. Uebelacker & R G. Johnson,

eds., Taxonomic guide to the polychaetes of the

Northern Gulf of Mexico, vol. III. Final report

to the Minerals Management Service, contract

14-12-001-29091. Barry A. Vittor & Associ-

ates, Inc. Mobile, Alabama. 17-1-27-7 pp.

. 1985. Four new species of Scalibregmatidae

(Polychaeta) from the Gulf of Mexico, with

comments on the familial placement of Muci-

bregma Fauchald and Hancock, 1981.—Pro-

ceedings of the Biological Society of Washing-

ton 98:332-340.

, & J. A. Blake. 1978. A review of the genera

and species of the Scalibregmidae (Polychaeta)

with descriptions of one new genus and three

new species from Australia.—Journal of Natu-

ral History 12:427-444.

Malmgren, A. J. 1867. Annulata Polychaeta Spetsber-

giae, Groenlandiae, Islandiae et Scandinaviae

hactenus cognita.—Ofversigt af Svenska Veten-

skaps Akademiens Forhandlingar, Stockholm

24:127-235.

Rathke, H. 1843. Beitrage zur fauna Norwegens.

—

Nova Acta Kaiserlichen Leopoldinish-Carolin-

ische Deutschen Akademie der Naturforscher

21:1-264.

Saint-Joseph, A. de. 1894. Les annelides polychetes de

cotes de Dinard. Troisieme partie. Annales des

Sciences Naturelles.—Zoologie et Paleontolo-

gie (series 7) 25:207-341.

Verrill, A. E. 1868. Notice on the corals and echino-

derms collected by Prof. C. F. Hartt at the

Abrolhos reefs, Province of Bahia, Brazil,

1867.—Transactions of the Connecticut Acad-

emy of Arts and Sciences, 1:351-364.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
115(2):333-340. 2002.

A new genus and species of Syllidae (Polychaeta) from Australia

dorsally brooding eggs by means of compound notochaetae, with
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Abstract.—In this paper the description of Nooralia bulgannabooyanga, a new
genus and species of Sylhdae (Polychaeta), is given. The new genus is character-

ized by having a very small proventriculus, an unarmed pharynx, short dorsal

cirri, except those of chaetiger 1 , long antennae, two long pairs of tentacular cirri,

long dorsal cirri on chaetiger 1, palps mostly free, fused at bases, both compound
chaetae and simple dorsal chaetae on parapodia, and by dorsal brooding by com-

pound notochaetae similar in shape to neurochaetae. The systematic position of

the new genus in the family SylUdae and its relationships with other genera of

the family is uncertain but is considered close to the subfamily Exogoninae. Com-
ments on the external brooding and systematic implications are also included.

Recently, the author began a series of

monographs on the Syllidae Grube, 1850

from around Australia, studying large col-

lections deposited in the Australian Muse-
um; the first monograph will be devoted to

the subfamily Exogoninae Langerhans,

1879. Two new genera with short bodies,

similar to the genera currently considered

as Exogoninae, but provided with very dis-

tinctive features, have been discovered. The
description of one of these genera is cur-

rently in preparation and the other enig-

matic genus is described herein.

Contributions to the knowledge of Aus-

tralian Syllidae have been made by Haswell

(1886, 1920a, 1920b), Augener (1913,

1927), Fauvel (1917), Monro (1931), Hart-

mann-Schroder (1979, 1980, 1981, 1982,

1983, 1984, 1985, 1986, 1987, 1989, 1990,

1991), Hutchings & Rainer (1979, 1980),

Hutchings & Murray (1984), San Martin &
Lopez (1998), and, recently, Glasby (2000)

and Glasby & Watson (2001).

Materials and Methods

The specimens described below are pre-

served in 70% ethanol, after fixation in for-

malin, except one paratype, which was pre-

pared for scanning electron microscopy

(SEM). Observations and measurements

were made using interference contrast op-

tics (Nomarsky). Drawings were made with

a drawing tube. The specimens are depos-

ited in the polychaete collection of the Aus-

tralian Museum, Sydney (AM).

Family Syllidae Grube, 1850

Genus Nooralia, new genus

Diagnosis.—Body small, short, with

about 30 chaetigers. Surface of body
smooth. Prostomium with 4 eyes and 3 an-

tennae. Palps only fused at bases. Two pairs

of tentacular cirri. Antennae, tentacular cirri

and dorsal cirri of chaetiger 1 long, cylin-

drical to fusiform; remaining dorsal cirri

short, lanceolate. Parapodia each with soli-

tary dorsal simple capillary chaeta and sev-

eral compound chaetae with unidentate and

bidentate short blades. Ventral simple chae-

tae apparently absent. Pharynx long, un-

armed, with a crown of soft papillae on an-

terior rim. Proventriculus very small, dis-

proportionally short and slender. Pygidium
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with 2 large anal cirri. Females brood eggs

dorsally, by means of compound notochae-

tae, similar in shape to neurochaetae.

Remarks.—The relationships of Nooral-

ia, new genus, are difficult to determine be-

cause Nooralia has very distinctive fea-

tures: minute, indistinct proventriculus; ab-

sence of a pharyngeal tooth, and dorsally

brooding eggs by means of compound no-

tochaetae. This brooding feature is unique

among the Syllidae. Nooralia appears to be

related to some members of the subfamily

Exogoninae. The shape of the dorsal cirri,

the smooth surface and the dorsal brooding

of eggs, as well as the shape of the aciculae

of the single known species, suggest a re-

lationship between Nooralia and Grubeo-

syllis Verrill, 1900. However, Grubeosyllis

has palps fused by means of a dorsal mem-
brane and a large proventriculus with very

distinct pharyngeal tooth. Furthermore, the

simple and compound chaetae of Nooralia

are very different from any other genera in-

cluded in the subfamily Exogoninae while

appearing most similar to those of the sub-

family Autolytinae Langerhans, 1879.

Thus, Nooralia appears unique among the

Syllidae. The members of the subfamily

Exogoninae are characterized by having

short bodies with few segments (around

30), small, meiofaunal size, large palps,

fused totally or at least on their basal half,

pharyngeal tube straight, provided with a

tooth, and short, unarticulated dorsal cirri,

presence of ventral cirri, 1 or 2 pairs of ten-

tacular cirri, and absence of dorsal segmen-

tal ciliary bands (Glasby 2000). A very im-

portant biological feature of this subfamily

is that the females take care of the eggs, but

two different methods are employed. In

some cases, the females carry the eggs dor-

sally by means of simple, thin, capillary no-

tochaetae, that penetrate into the capsules

(Kuper & Westheide 1998); in other cases,

the brood is attached ventrally, probably by

means of glandular secretions (Pierantoni

1903). Recent discussion on methods of re-

production in the Syllidae are provided by

Garwood (1991) and Franke (1999) and ad-

ditional information is presented in Westh-

eide (1974), Perkins (1981), San Martin

(1984a, 1991), and Kudenov & Harris

(1995). In the case of dorsal brooding, the

embryos leave the body of the female when
embryonic development is completed; how-

ever, in the case of ventral brooding, each

embryo develops to a juvenile stage that

only leaves the female when it is fully de-

veloped. In some cases, the embryonic de-

velopment occurs inside the body until the

juvenile is totally developed (viviparity;

Pocklington & Hutchenson 1983, San Mar-

tin 1984a), but this case can be considered

as a modification of the latter. Kuper &
Westheide (1998) and Franke (1999) con-

sider that the dorsal or ventral attachment

position is species-specific, and both can be

found within a genus; however, this is con-

trary to material which I have examined of

the genera Brania, Grubeosyllis, Parapion-

osyllis, and Exogone from all around the

world. All species of Grubeosyllis and the

recently described genus Cicese (Diaz-Cas-

taiieda & San Martin, 2001) brood dorsally,

whereas species of Brania, Parapionosyllis,

and Exogone brood ventrally and develop

juveniles. The dorsal brooding is associated

with the development of capillary noto-

chaetae to attach the eggs (or with com-

pound notochaetae in Nooralia), and the

ventral brooding is associated with the de-

velopment of glands which produce adhe-

sive secretions and these females always

lack notochaetae. It is difficult to accept that

such different methods of egg protection,

with each implying strong morphological

changes, can occur within a single genus.

Furthermore, both kinds of brooding have

been reported in other members of the sub-

family Eusyllinae Malaquin, 1893 (Heacox

& Schroder 1978, Hartmann-Schroder

1979, Augener 1913, and pers. obs). These

facts suggest that the subfamily Exogoninae

is not a monophyletic group.

The genus SphaerosyUis Claparede,

1863, as currently accepted, has species that

brood dorsally and others that brood ven-

trally, developing juveniles (Riser 1991).
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Fig. 1. Nooralia bulgannabooyanga. A, anterior end, dorsal view, holotype. B, anterior end, dorsal view,

paratype. C, alternate dorsal cirri, midbody, holotype. D, posterior end, dorsal view, a paratype. Scale bar = 90

Jim.

The species having small proventriculus,

pharyngeal tooth conical, located on ante-

rior rim of pharynx, and usually parapodial

glands, brood ventrally and develop juve-

niles (included in the subgenus Sphaerosyl-

lis by San Martin 1984b), and the species

belonging to the subgenus Prosphaerosyllis

San Martin, 1984, as well as the species of

the ''erinaceus'' group, brood dorsally by

means of notochaetae (pers. obs., Imajima

1966). This fact may also mean that Sphae-

rosyllis is not a monophyletic group.
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Fig. 2. Nooralia bulgannabooyanga. A, anterior end, ventral view, holotype. B, compound chaetae, chaetiger

L C, dorsal simple chaeta, midbody. D, compound chaetae, midbody. E, dorsal simple chaeta, posterior para-

podium. F, compound chaetae, posterior parapodium. G, aciculum. Scale bar: A = 90 jjim; B-G = 28 \vca.

Further investigations and a cladistic

analysis of the subfamily Exogoninae and

the relationships among all genera of this

family is necessary to solve these system-

atic problems.

Etymology.—The name of the genus

comes from an aboriginal word, ''Nooral-

ie" which means "imaginary beings" (En-

dacott 1973), and refers to the distinctive

features of this genus.

Gender.—Feminine

Nooralia bulgannabooyanga, new species

Figs. 1-3

Material examined.—Barrenjoey Head,

Broken Bay, New South Wales, 33°35'S

151°20'E, algae on rocky substrate, 5 m
depth, 22 Apr 1993, AM W27399 (Holo-

type) and AM W27400 (2 Paratypes, one

used for SEM study). Halway Reef, 200 m
of Sullivan Reef, Ulladulla, New South

Wales, 35°21.45'S 150°29.3'E, wall of

sponges, bryozoa & hydrozoa, 15 m depth,

3 May 1997, AM W 26342 (1 Paratype).

Description.—Body small, short, without

color markings, holotype 2.4 mm long, 0.3

mm wide, 31 chaetigers. Prostomium qua-

drangular to trapezoidal; 4 eyes in open

trapezoidal arrangement, apparently with-

out anterior eyespots (Fig. lA, B). Anten-

nae missing on holotype (Fig. lA) and one

paratype; another paratype (Fig. IB) with

lateral antenna but median antenna missing;

lateral antennae originating just in front of

anterior eyes, cylindrical, somewhat rugose,

longer than joint length of prostomium and

palps (Fig. IB); probably median antenna

inserted at same level as lateral antennae

(scar shown in Fig. IB). Palps fused on ba-

ses (Fig. lA, B). usually ventrally folded

(Fig. 2A). Dorsal tentacular cirri long and

thick, tapered, laterally directed, similar to



VOLUME 115, NUMBER 2 337

Fig. 3. SEM, paratype, female carrying dorsally attached eggs. A, anterior end, dorsal view; arrow indicates

egg. B, detail of egg; arrows indicate notochaetae. C, same. D, detail of notochaetae. E, dorsalmost compound

neurochaeta, midbody. F, ventralmost compound neurochaeta, midbody.

lateral antennae but longer, distinctly longer

than body width (Fig. lA, B); ventral ten-

tacular cirri half length of dorsal tentacular

cirri, oblique to laterally directed (Figs. lA,

B, 2A). Dorsal cirri of chaetiger 1 long, an-

teriorly directed, similar to dorsal tentacular

cirri, slightly shorter (Fig. lA, B). Dorsal

cirri on all parapodia; dorsal cirri of chae-

tiger 2 much shorter than those of chaetiger

1, similar in length to ventral tentacular cir-

ri, somewhat longer than remaining dorsal

cirri (Fig. lA, B); dorsal cirri of midbody

lanceolate, length half of body width, lon-

ger than parapodial lobes, slight alternation

in length (Fig. IC). Last 2-3 segments with

small dorsal cirri but lacking parapodia and

chaetae (Fig. ID). Ventral cirri large, ovate,

somewhat laminar (Fig. 2A), those of chae-

tiger 1 somewhat larger than subsequent

ones. Parapodial lobes conical, distally bi-

lobed and provided with a posterior papilla

(Fig. 2A). Parapodia of chaetiger 1 with one
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compound bidentate chaeta, originating

dorsally, and 6 compound chaetae with un-

identate, smooth, curved blades (Fig. 2B);

gradual increase in number of compound

chaetae with bidentate blades per fascicle

and corresponding decrease in chaetae with

unidentate blades, which are absent from

chaetiger 3-4. Midbody parapodia each

with about 8-9 compound chaetae, strongly

heterogomph, with spinose to rough shafts,

and short, bidentate blades with short, fine

spines on margin; dorsoventrally increasing

in length (Fig. 3E, F), about 7-8 jjim above,

10 |jLm below (Fig. 2D); posterior parapodia

each with 9 compound chaetae, similar to

those of midbody, with more pronounced

differences between dorsal and ventral

blades (Fig. 2F). Capillary dorsal simple,

solitary chaetae from chaetiger 1, very thin,

filiform on tip, distally with short, fine

spines on margin, similar throughout (Fig.

2C, E). Ventral simple chaetae absent on

these specimens. Aciculum solitary, slen-

der, distally rounded, with a short tip (Fig.

2G). Pharynx long, slender, indistinct,

everted or partially everted on all specimens

(Figs. lA, B, 3A), without pharyngeal

tooth, a dark glandular area near proven-

triculus (Fig. lA, B), a crown of 10 soft

papillae on anterior rim and few other, very

small and rounded, near distal crown. Pro-

ventriculus minute, difficult to see, through

1-2 segments (Fig. lA, B). Pygidium semi-

circular, with 2 long and wide, bidfid anal

cirri (only seen on 1 paratype; Fig. ID). Fe-

males carrying eggs dorsally by means of

compound notochaetae (Fig. 3A-C), similar

in shape to neurochaetae (Fig. 3D) but

smaller, penetrating into the capsules of

eggs to hold them.

Distribution.—Only known from New
South Wales (Australia).

Ecology.—Among algae, bryozoans and

hydrozoans; 5-15 m depth.

Etymology.—The specific name is com-

posed by the combination of two Australian

aboriginal words, ''booyanga''' meaning

"egg" and ''bulganna'' meaning "plenty"

(Endacott 1973), and refers to the brooding

of eggs by the females.
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Abstract.—Vampiropolynoe embleyi, a new genus and species of scale-worm

(Polychaeta: Polynoidae), is described from hydrothermal vents created by the

1998 eruption of Axial Volcano (Juan de Fuca Ridge, NE Pacific). Based on

this species we propose a new subfamily, the Vampiropolynoinae. This sub-

family is closely related to the deep-sea subfamilies Macellicephalinae and

Lepidonotopodinae. However, the Vampiropolynoinae differs by having a sig-

nificantly greater number of segments, by lacking jaws, and by possessing a

pair of strong curved acicular lobes on the tentacular segment. The mouth
structure, along with sea-floor observations, suggests that V. embleyi grazes on

bacterial mats. We propose that V. embleyi is a pioneer species adapted to living

at new vents.

Axial Volcano (Juan de Fuca Ridge)

erupted in January 1998, initiating new
venting along a lava flow over 3 km long

(Embley & Baker 1999). Observations sev-

en months after the eruption with the re-

motely operated vehicle ROPOS revealed

new vents already colonized by numerous

vent species (Tsurumi et al. 1998). Com-
mon Axial Volcano polynoids (Branchino-

togluma spp., Opisthotrochopodus tunni-

clijfeae, Lepidonotopodium piscesae) were

present in high numbers at most new vents

(Marcus, pers. obs.). Along with these typ-

ical vent polynoids, an unknown large

bright red scale-worm was observed in high

densities, feeding on the bacteria-covered

basalt of vent peripheries. Here we describe

this new species from collections made in

the summers of 1998, 1999 and 2000.

There are nine subfamilies of polynoid

polychaetes known from hydrothermal
vents (Tunnicliffe et al. 1998). Of these,

four are known from the Juan de Fuca
Ridge. We argue that the new species de-

scribed herein is distinct enough from vent

and other deep-sea subfamilies to warrant

the formation of a new subfamily allied to

the Macellicephalinae Hartmann-Schroder,

1971, emended Pettibone, 1976 and the

Lepidonotopodinae Pettibone, 1983.

Materials and Methods

Type locality.—Axial Volcano, Juan de

Fuca Ridge, 45°56'N, 128°59'W, 1530 m
depth ("South Rift Zone" venting area).

Specimens were suctioned from bare basalt

on vent peripheries.

Type material.—Holotype (dive R488,

27 Jun 1999; USNM 1002015) and 2 par-

atypes (dive R473; USNM 1002016) are

deposited in the collections of the National

Museum of Natural History, Smithsonian

Institution, Washington, D.C. Another par-

atype is deposited in the collections of the

Canadian Museum of Nature, Ottawa, On-

tario (dive R474; CMNA 2001-0001).

Additional Material.—A total of 23 spec-

imens were collected during ROPOS dives

R462 (1 specimen. Marker 33 site), R473
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(17 specimens. Marker 108 and Marker 33

sites), R474 (1 specimen. Milky site), R488

(2 specimens. Cloud site), R543 (1 speci-

men. Marker N41 site), R549 (1 specimen.

Cloud site). Four specimens from R473
were deep-frozen for isotope analysis, and

1 specimen from R543 was preserved in

ethanol for DNA analysis.

Specimen preparation.—Two specimens,

fixed with 7% seawater formalin and pre-

served in 70% ethanol, were prepared for

scanning electron microscopy (SEM). They

were critical point dried with carbon diox-

ide, sputtered with gold and examined with

a Jeol scanning electron microscope (JSM-

5200).

Systematics

Family Polynoidae

Vampiropolynoinae, new subfamily

Diagnosis.—Polynoid with elongated

body, up to 45 segments. Elytra 10 pairs,

on segments 2, 4, 5, 7, 9 alternating to 19.

Dorsal cirri on non-elytrigerous segments.

Prostomium bilobed. Lateral antennae ab-

sent. Median antenna inserted in central

notch of prostomium. Frontal filaments

hooked. First segment fused to prostomium;

a pair of strong, prominent acicular lobes

curve toward midline of the body. Eyes

lacking. Jaws absent. Keratinized teeth cov-

er junction between mouth opening and

pharynx. Curved conical papillae on the up-

per, lateral, and ventral lips surround mouth
opening. Parapodia biramous. Digitiform

dorsal tubercles present on all cirrigerous

segments, starting on segment 6; absent

from elytrigerous segments. Ventral ne-

phridial papillae indistinct. Pygidium with

a pair of anal cirri.

This subfamily comprises a single spe-

cies described in this paper.

Vampiropolynoe, new genus

Diagnosis.—Characters of the subfamily.

Type species.—Vampiropolynoe embleyi,

new species, by present designation.

Gende r.—Feminine

.

Etymology.—Vampiro is from the En-

glish vampire, in reference to the fang-like

appearance of the acicular lobes on the first

segment and papillae at the mouth, and po-

lynoe is taken from the family name Poly-

noidae.

Vampiropolynoe embleyi, new species

Figs. 1-5

Diagnosis.—Characters of the subfamily.

Etymology.—The species is named after

Robert Embley, chief scientist of the 1998-

2000 Axial cruises when specimens of this

new species were collected.

Description.—Preserved holotype 46

mm long for 45 segments, 12 mm wide in-

cluding parapodia (excluding setae), and 3

mm wide without parapodia. Largest para-

type 52 mm long for 43 segments; smallest

paratype 36 mm long for 44 segments.

Body long, tapers gently posteriorly (Fig.

lA). Living specimens bright red, with

white setae, and reaching live lengths up to

55 mm. After preservation, specimens light

brown.

Elytra 10 pairs on segments 2, 4, 5, 7, 9

alternating to 19. First pair of elytra overlap

medially but leave a central notch through

which the median antenna protrudes. Elytra

overlap anteriorly and posteriorly, but leave

a gap along the mid-dorsal line. Elytra at-

tach eccentrically on prominent elytrophor-

es. Elytra translucent, smooth, oval, and

without ornamentation (Fig. IB). Elytral

surface covered by numerous small circular

pits about 5-10 |xm in diameter (Fig. IC).

Dorsal cirri with cylindrical cirrophores

attached dorso-posteriorly on the notopodia

(Fig. ID). Cirri extremely long (up to half

the length of the worm), and taper gradually

to tips. Lines of cilia on parapodia, except

on ventral side (Figs. ID, 4A-D, 5E). No
transverse lines of cilia on the middorsum

(Fig. ID). Digitiform dorsal tubercles on all

ciiTigerous segments (Figs. I A, D, E, 4C-
F), starting on segment 6 (Fig. IE). Dorsal
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Fig. 1. A. Drawing of paratype (R473-6096), dorsal view of whole specimen. Dorsal cirri have broken off.

B-E, SEM views. B. Elytron from the mid-section, dorsal view. C. Detail of elytral surface. D. Dorsal view of

segments 1 1 (bottom) -14 (top). White arrow points to cirrophore on segment 12, black arrow points to digitiform

dorsal tubercle on the same segment. E. Detail of first dorsal tubercle on segment 6 (black arrow).
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Fig. 2. A, C, and D, SEM views. A. Dorsal view of anterior part of worm. White arrows point to the strong

acicular lobes protruding from the 1st segment. Black arrow points to the left hooked frontal filament. B. Drawing

of the anterior part of paratype (R473-6096), pharynx partially everted. C. Frontal view of prostomium showing

median antenna, tentacular cirri, acicular lobes (white arrows). D. Detail of the buccal cirrophore (black arrow),

and second ventral cirrus (3rd segment).

tubercles become dorso-ventrally flattened

on the posterior segments of the worm.
Prostomium bilobed, with hooked frontal

filaments (Fig. 2A-C). Lateral antennae ab-

sent. Median antenna approximately 2-3

times the length of the prostomium; tapers

gently to the tip. Median antenna with a

short, cylindrical ceratophore inserted in the

anterior notch of the prostomium (Fig. 2A-
C). Palps approximately twice the length of

the prostomium; taper gradually to the tips

(Figs. lA, 2A, B, 3A, B). Eyes lacking.

First (or tentacular) segment not visible

dorsally. Tentaculophores lateral to the pro-

stomium; each bears one strong brown acic-

ular lobe that curves towards the midline of

the body (Figs. lA, 2A-C, 3A). Tentacular

styles long (reaching 0.25 of the body

length), slender, tapered. Facial tubercle

lacking.

Second (or buccal) segment with first

pair of large elytrophores and biramous

parapodia (Figs. lA, 2A-C). Ventral or

buccal cirri attached basally on prominent

cirrophores lateral to the ventral mouth

(Figs. 2D, 3B). Buccal cirri similar in shape

to the tentacular cirri; longer than the fol-

lowing ventral cirri. Mouth enclosed in up-

per, lateral and posterior lips between seg-

ments 1 and 3 (Fig. 3A, B). Pharynx never

fully everted in the studied specimens. A
partially everted pharynx shows papillae at

the mouth opening (Fig. 3A). Upper lip

with a group of 3 conical curved papillae

similar in shape and size. Ventral lip with

3 pairs of conical curved papillae, increas-
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Fig. 3. A and C, SEM views. A. Ventral view of a partially everted pharynx showing upper, lateral and

ventral lips with their papillae and ridges. Black arrowheads point to lip ridges, asterisk points to shared bulbous

base of the two median papillae on the lateral lip. B. Drawing of paratype (R473-6096), ventral view of a more

everted pharynx, with the buccal papillae forming a crown at the base of the pharynx. C. Keratinized teeth at

the junction between the mouth opening and the pharynx.

ing in size from the median papilla to the

most lateral one. Lateral lips with 4 pairs

of conical curved papillae; the central pair

shares a bulbous base (Fig. 3A, B). A con-

centric ridge broken by the limits between

the upper, lateral and ventral lips lies inte-

rior to the ring of papillae (Fig. 3A). Ridge

on the ventral lip divided into two sym-

metrical parts, each with 3 small, equidis-

tantly placed papillae. Area between the

mouth opening and the pharynx bears nu-

merous small (approximately 40 by 50 by

10 |JLm), keratinized teeth (Fig. 3C). No
jaws at the opening of the pharynx.

Parapodia biramous. Notopodia short, on

the anterio-dorsal side of the longer neu-

ropodia (Figs. ID, 4A-F). Elytrigerous no-

topodia cylindrical (Fig. 4A, B), the poste-

rior lobe forms a ligule (Fig. 4A). On pos-

terior cirrigerous segments, the acicula pro-

trudes from the acicular lobe (Fig. 4E, F).

On cirrigerous notopodia, the cirrophore

projects at the emergence point of the no-

tosetae (Fig. 4C, D). Upper and lower mar-

gins of the neuropodia deeply cleft. Conical

presetal lobes of neuropdia equal in length

to the rounded postsetal lobes (Fig. 4A-F).

Presetal lobe extended by a ligule (Fig. 4B,

D, F). Ventral cirri short and tapered; lo-

cated at the base of the neuropodia (Fig.

4A-F).

Notosetae (approximately 10 per noto-

podium) stouter than neurosetae (Fig. 4A-
F), smooth, and taper to blunt tips (Fig.

5A). Neuropodia with 2 types of setae.

Lower neurosetae curved (Figs. 4A—D, 5B);
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1 mm 1 mm

Fig. 4. A-D, SEM views; E and F, drawings. A Posterior view of elytrigerous parapodium (segment 15).

Arrow points to the ligule of the notopodium. B. Anterior view of the parapodium from the same segment.

Arrow points to the ligule of the neuropodium. C. Posterior view of cirrigerous parapodium (segment 14). Arrow
points to the ligule of the notopodium. D. Anterior view of the parapodium from the same segment. Arrow
points to the ligule of the neuropodium. E. Posterior view of cirrigerous parapodium of segment 24, note the

protruding acicula. F. Anterior view of the same parapodium depicted in E.
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Fig. 5. A-E, SEM views. A. Tip of a notoseta. B. Feather-like neurosetae on the lower side of the neuro-

podium. C. Upper neurosetae. D. Detail of neurosetae tips. E. Ventral view of segments 11-14 showing incon-

spicuous nephridial papillae (white arrows).

at a higher magnification setae appear

feather-like. Upper neurosetae flattened

with lateral teeth (Fig. 5C). Teeth begin just

above the emergence point of the setae, and

continue to the tapered, curved, scoop-like

tip (Fig. 5C, D). Setae similar on all seg-

ments.

Nephridial papillae inconspicuous; begin

on segment 5 and continue along length of

the body (Fig. 5E). Pygidium small, round-

ed, and with a pair of short anal cirri.

Ecology.—Vampiropolynoe embleyi ap-

pears to specialize at colonizing new vents.

This suggestion is supported by the absence



348 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

of the species from the numerous observa-

tions and collections of animals made at

sustained venting sites at Axial since the

mid-80s, and its presence in high densities

at most new vents created by the Axial

eruption (10 of 14 vents observed in 1998).

The large size of V. embleyi and its con-

spicuous red coloring makes it highly un-

likely that it would have been overlooked.

Furthermore, V. embleyi is easily observed

in photographs of CoAxial Segment (Juan

de Fuca Ridge) vents one year after their

initiation by an eruption, although speci-

mens were not collected (V. Tunnicliffe,

pers. comm.).

Vampiropolynoe embleyi lives on vent

peripheries, beyond the immediate area of

fluid flow. The species is strikingly more

active than other vent polynoids: it crawls

quickly across the basalt, and swims short

distances when disturbed. At most vents in

July 1998, V. embleyi was observed spaced

at least a body length apart from other in-

dividuals (of both V. embleyi and other vent

polynoid species), but at two sites it oc-

curred in relatively dense monospecific

patches, reaching densities up to 60 indi-

viduals/m^ (Cloud and Marker 108 vents).

Densities decreased by June 1999 (highest

was 30 individuals/m^ at Cloud vent), and

by July 2000, two and a half years after

vent creation, V. embleyi was not evident in

bottom observations, although still present

in very low numbers (2 specimens found in

32 collections).

These observations strongly suggest that

V. embleyi is a pioneer species, adapted to

living at hydrothermal vents within the first

two years after their creation. The feeding

structures of V. embleyi are consistent with

observations of it grazing on bacteria and

gelatinous material. Many studies report the

correlation between seafloor eruptions and

subsequent proliferation of bacterial mats

(see Delaney et al. 1999 for review). V. em-

bleyi is likely capitalizing on this abundant

food source which may last for months to

years following an eruptive event.

Discussion

Vampiropolynoe embleyi is a deep-sea

species collected from vents created by the

eruption on Axial Volcano, Juan de Fuca

Ridge. The new subfamily erected here, the

Vampiropolynoinae, is closely related to the

Macellicephalinae and Lepidonotopodinae.

The bilobed prostomium and the lack of lat-

eral antennae typify these two subfamilies.

However, the Vampiropolynoinae is clearly

distinguished from the Macellicephalinae

and Lepidonotopodinae by the absence of

jaws, the presence of keratinized teeth, and

the presence of a pair of strong hooked

acicular lobes on the first segment. The

high number of segments of V. embleyi (up

to 45) also clearly differentiates it from the

Lepidonotopodinae (23 to 30 segments;

Desbruyeres & Hourdez 2000a, b), and the

Macellicephalinae (15 to 28 segments; Pet-

tibone 1989, Hourdez & Desbruyeres

2000).

The suggestion that Vampiropolynoe em-

bleyi is a vent pioneer species adapted to

conditions following eruptive events awaits

further confirmation from future eruptions

on the Juan de Fuca Ridge.
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Contribution to the present status of Spiochaetopterus costarum:

description of Spiochaetopterus koreana, a new species of

Chaetopteridae (Polychaeta) from the West Coast of Korea

M. R. Bhaud, B. S. Koh, and J. S. Hong

(MRB, BSK) Observatoire Oceanologique de Banyuls, Universite P. et M. Curie—CNRS, BP 44,

66650 Banyuls-sur-mer, Cedex, France, mbhaud@arago.obs-banyuls.fr;

(JSH) Department of Oceanography, Inha University, Incheou 402-751, Korea, jshong@inha.ac.kr

Abstract.—Examination of a collection of Chaetopteridae (Annelida: Poly-

chaeta) from the Yellow Sea (West coast of South Korea) led to the erection

of a new species, Spiochaetopterus koreana. Its main characteristics are the

presence of a ventral shield in two contrasting black and white parts, visible

through the transparent wall of the tube; a pair of black spots at the base of

the A2 setae; Bl and B2 with unilobed neuropodia; the hindmost ventral se-

cretion area extending well beyond the setae of A9; upper oblique plan of the

specialized seta on A4, with two sub-equal lobes. The erection of this new
species confirms, in spite of the probable existence of a long larval life which

is accepted as a means of countering local differentiation, the extensive differ-

entiation within this genus.

Many marine species with wide distri-

butions, the so-called cosmopolitan species,

are sibling species-complexes and are, in

fact, more subdivided than originally

thought (Hilbish 1996; Knowlton 1993).

The broad geographic distribution attribut-

ed to many species is often a taxonomic

artifact and needs to be reassessed. This

general statement is particularly applicable

to the polychaetous annelids (Mackie &
Pleijel, 1995; Williams, 1984), and more
specifically to the Chaetopteridae, (genus

Spiochaetopterus and species S. costarum).

Reported throughout the world's oceans, S.

costarum was at first believed to be a cos-

mopolitan species (Okuda 1935; Day, 1967;

Blake, 1996). However, Bhaud (1998a &
1998b) showed that different species of Spi-

ochaetopterus are found on the western and

eastern coasts of the North Atlantic Ocean
despite the probable ability of larvae to dis-

seminate throughout the Atlantic Ocean.

Since then, the same author has been very

attentive to reports of Spiochaetopterus un-

der the species name of S. costarum in di-

verse parts of the world's oceans and out-

side its actual specific area. Consequently,

recent descriptions of new species of Spi-

ochaetopterus in areas as different as Bra-

zilian coasts (Bhaud & Petti 2001), Persian

Gulf (Bhaud & Martin 2002) and the Yel-

low Sea (the present paper), are explained.

Materials and Methods

Specimens were collected on the west

and south coasts of South Korea in three

groups of stations: areas A, B and C (Fig.

1). The type locality is Station 7 (Fig. 1) in

the Sorae Bight, 14 m depth relative to low

tide (37°20'20 N; 126°36'80 E). The sta-

tions of the three areas have similar char-

acteristics; they all lie in sheltered zones

and the bottom is a silty-sand sediment. The
total number in the collection was 82, dis-

tributed as follows: area A: 35 specimens

sampled in Nov 1998 and Feb 1999, area

B: 9 specimens sampled in Sep 1999 and

Area C: 38 specimens sampled in Sep 1999.

Observations were made in several ways.



VOLUME 1 15, NUMBER 2

124° 125

351

127° 128°

120km

East Sea

(Sea of Japan)

126''35'E 127°14'E 127»22'E

Fig. 1. Map of the collection areas. The principal map indicates the location of three districts. A, B and C
of the Korean coasts, in which specimens were collected. In the lower part, for each district, detail of location

of stations is given. In district A, the arrow indicates the type locality.
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Fig. 2. A-E, orientation of the animal is the same: anterior part on the right side. A, Anterior part (A region)

observed with a scanning electron microscope. Because color cannot be shown the different parts identified on
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For observations by SEM, setae were dis-

sected from preserved specimens, im-

mersed in KOH (diluted 1:2) for 15 min,

rinsed three times in distilled water, 30 min

each, processed through a graded alcohol

series and stored in 70% ethanol until ob-

servation. Immediately prior to viewing in

a Hitatchi S.520 SEM (University of Per-

pignan. Centre of Electron Microscopy), se-

tae were transferred to absolute alcohol, air-

dried, attached to a stub and coated with

gold palladium. Fragments of tube were ob-

served by a Diaplan Leitz light microscope;

photographs were taken with a Leica-Wild

MPS 32.

Following the suggestion by Crossland

(1904), the anterior, middle and posterior

body regions of chaetopterides are herein

designated A, B, and C, respectively; A4
thus refers to setigerous segment 4 in region

A, B2 to setigerous segment 2 in region B,

etc.

Systematics

Family Chaetopteridae

Spiochaetopterus Sars, 1856

Spiochaetopterus koreana, new species

Type material.—Holotype: National Mu-
suem of Natural History, Paris N° MNHN-
POLY 70. Paratypes: National Musuem of

Natural History, Paris N° MNHN- POLY
71a and 71b. Other specimens were depos-

ited in the personal collections of the au-

thors. Photographs of specimens fixed in al-

cohol were kept by the authors.

Diagnosis.—This is a large, oculate Spi-

ochaetopterus species. Each A4 parapodi-

um has a single modified, enlarged cutting

seta at the distal end. This obliquely trun-

cated distal end is approximately heart-

shaped in end view, with two equally de-

veloped lobes. The shaft of the seta has a

subcircular cross section throughout its

length. Region A has 9 setigerous segments

{n = 37). At the level of setal bundles 6

and 7 of region A, the ventral face exhibits

a shield with two contrasting parts. The

hindmost ventral secretion area extends

well beyond the setae of A9. Region B has

more than 2 segments (maximum observed:

12). The neuropodia on the first two seg-

ments have only one lobe. The tube is un-

branched, smooth, transparent, without dis-

tinct articulations by with areas regularly

disposed with folded tube wall. Tube di-

ameter: 1200 |JLm.

Description.—Body size and colour: The

anterior part reached 6 mm in length. All

the A segments plus 10 B segments extend-

ed to 17 mm. The general color on pre-

served specimens was pink for the anterior

region, and creamy white for the middle

part. Fragments of the posterior region,

were partly greenish brown. The ventral

part carried a contrasting black and white

shield.

Region A: On all examined specimens (n

= 37), 9 setigerous segments were present

in region A. The horseshoe-shaped peris-

tomium allowed sufficient room for the

blunt prostomium whose front edge was al-

most flat. There were two black ocular

spots anterior to the tentacles on the lateral

the ventral face have been delimited by a thin line. As for the whole family, the letters A, B and C indicate the

three regions of the body. B. Anterior part (A region) photographed with a dissecting microscope in order to

observe the contrasting ventral shields. C. Structure of neuropodia (N) in B 1 and B2 segments formed with one

lobe. D. Structure of all notopodia formed with three lobes (1-3); structure of neuropodia in B3 segment and

following segments formed with two lobes Nl and N2. E. Structure of noto and neuropodia in a segment of C
region. F, G, Specialized seta of A4 segment. H, I. Uncini observed in B 1 segment. J, K. Structure of the tube

with an articulation, a transversal septum applied on the tube wall and eggs (J), with longitudinal serration (K).

Abbreviations: Ar, A region; Br, B region; Al to A9, setigerous segments 1 to 9 of A region; BC: black crescent;

WCl to WC4, white crescents 1 to 4. Regularly arranged secretory pores occupy the first part WCl. Scale bars:

A, B = 860 |xm; C-F = 100 jjim; G = 50 jj-m; H, I = 4 |xm; J, K = 600 \im.
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edge of the prostomium. In all the exam-

ined specimens, a long shield in two con-

trasting colors characterized the ventral sur-

face: black for the anterior part and white

for the posterior one (Fig. 2A, B). The me-

dio-ventral part of the short black crescent-

shaped fore-shield (BC or black crescent on

Fig. 2A, B) extended between the bundles

on A6 and A7 (Fig. 2B). The two points of

the crescent extended posterior to the A7
bundles. The crescent was thus oblique.

Alongside the ventral posterior border of

the black shield, the white shield, on setig-

erous segments 8 and 9, reached well be-

yond the A9 setal bundle. This white shield

was heterogeneous: a narrow crescent just

after the A7 setae (WCl or white crescent

1) and easily identified by the presence of

regularly arranged oval pores, a homoge-

neous white area ending at the middle of

the A8 setae (WC2) and a white area punc-

tuated by brown spots on the posterior part

(WC3 and WC4) with a marked constric-

tion at the level of the A9 setal bundle. The
region anterior to the black crescent was
brick coloured; it was delimited at its for-

ward end by a transverse crescent at the lev-

el of segment 1 and two longitudinal curved

lines from the Al setae to the A7 setae

where they come into oblique contact with

both black and white crescents. These lines

were deepest around A4. Ventral to them
the tegument was brown to dark pink and

dorsal to them it was pale pink. On several

specimens, the color of the ventral face, and

ventrally to the longitudinal lines was not

homogeneous: there was a wide, transverse

dark pink belt at the level of A2 and A3. A
black spot immediately ventral to each A2
seta constituted the last specific criterion.

On some preserved specimens these two

black spots were linked together by a thin

transverse black ventral line.

Region B: It had a maximum of 12 se-

tigerous segments {n = 14), with uniramous

neuropodia on B 1 and B2, and biramous

neuropodia on the remaining setigerous

segments. The notopodia, as in many other

species, carried a bilobed Y-shaped inner

part and a large unilobed outer part (total:

three lobes; Fig. 2D). The insertion point of

this lobe was far from the internal lobes but

close to the main neuropodial lobe. The
base of these notopodia was preceded by a

pronounced, raised transverse ring on the

first B segments, diminishing on later seg-

ments. Neuropodia had only one lobe on

segments 1 and 2 (Fig. 2C), and 2 lobes,

always vertically extended, on the other

segments (Fig. 2D). As in other species

(Bhaud & Petti 2001) the uncial plates of

the neuropodial lobes were inserted in such

a way that their respective sets of teeth

faced each other, pointing posteriorly on the

anterior lobe (progressive position) and an-

teriorly on the posterior lobe (retrogressive

position). Two brick-red lines extended the

length of the ventral face of region A and

then disappeared around Bl or B2. A cili-

ated groove, with a pink band on each side,

extended the length of the dorsal face.

Region C was incomplete (maximum of

eight segments on specimens with A+B re-

gions); some fragments of C region ob-

served with pygidium. The structures of

noto- and neuropodia were typical for the

genus (Fig. 2E): notopodia were cylindrical,

not inflated or slightly inflated at the distal

part, without or with one seta projecting

outside the terminal lobe. These short no-

topodia were inserted at the bottom of the

intersegmental constrictions. Neuropodia

were composed of two fleshy lobes with

uncini: a short upper, anteriorly oriented

lobe, and a vertically extended, lower, pos-

teriorly oriented lobe. These lobes were es-

corted with prominent tegumentary crests.

Pygidium without special characteristics; a

dorsal notch separated two lateral lobes.

The morphology of the A4 specialized

seta was specific. Setigerous segment A4
carried a single modified seta on each ra-

mus, straw-colored to yellowish, with a

swollen, obliquely truncated distal end. The

upper oblique plane was cordate with the

horizontal ventral edge hollowed out. The
two lobes of the upper oblique plane were

equal or subequal. This weak assymmetry
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of lobes was only observed when the seta

is viewed face on. The overhang of the ven-

tral edge was clearly marked. The cross sec-

tion of the shaft was regularly sub-circular

with no longitudinal furrow (Fig. 2F, G) on

the dorsal side as well as the ventral side.

Uncini were particularly small (length:

20 |JLm), triangular in shape; the small teeth

were clearly individualized at 100 magni-

fication. Nine teeth were counted on the

straight median section of 10 jjim (Fig. 2H,

I).

The tube unbranched, smooth and trans-

parent, without distinct articulations

reached a diameter of 1200|xm. The trans-

parent wall had regular folded areas, not

immediately visible (Fig. 2J). A comparison

with other described species (Bhaud 1998a)

indicated that the number of layers secreted

by the ventral shield of area A was limited.

The difference was that in the present case,

this thin wall was observed all along the

collected tubes (8 cm), and not only on the

2-3 cm protruding out of the sediment. This

tube was probably the upper part of a lon-

ger tube because we never observed the

whole body. Septa were present and had a

single perforation. A transverse serration at

the tube opening, as described in Bhaud et

al. (1994) and Bhaud (1998a), and other

transverse serrations further posteriorly on

the tube, representing previous tube open-

ings, were also observed. A longitudinal

rupture, which extends lengthwise, follow-

ing approximately the same meridian, was

also present (Fig. 2K). It showed one or

several series of parallel indentations,

which always occurred in pairs because

they were the result of the rupture of some
or all of the wall layers, related to body

growth in the width of the tube.

Etymology.—This species name is taken

from the country name Korea plus the Latin

suffix -anus (=belonging to)

Ecology.—In the collection area, the bot-

tom is a silty-sand sediment. However, the

proportion of silt and sand was variable in

time. At station 10 of district A, an increase

in the silt fraction was observed from 1996

to 1997 with a simultaneous increase in the

number of tubes per m^. The proportion of

sand, silt and clay varied over the same pe-

riod from 64, 33 and 3 % respectively (in

1996) to 34, 58 and 8 % respectively (in

1997). In the same time, the tube density

(N/m2) increased from 3 to 74 (Lee 1999).

Proportion of silt and number of individu-

als, depended on the current flow rate

which, if low, increased particle deposition

and decreased larval dispersion. During the

period 1996-1997 the dynamics of both

currents and sediments were altered by the

building of several jetties and the dredging

of a large coastal area, thus explaining the

variation in the number of specimens.

Variation in space was also observed. In

this collection the tube structure varied with

the district where the specimen was found.

In Cll (district C, station 11 in Fig.l) the

tubes were all straw-yellow but much dark-

er than in A 10 (district A, station 10 in

Fig.l). This difference correlated with the

number of layers forming the tube wall,

was probably linked to the very high sedi-

mentation in station A 10 correlated with the

proximity of the Yellow Sea and of the es-

tuary of the near river. This sedimentation

forced the animals to construct their tubes

continually as they were covered over. In

station C 1 1 , a zone characterized by a low-

er sedimentation, tube extension could be

slower which allowed the animal to con-

struct a tube consisting of a higher number
of mucopolysaccharide layers.

Sea surface temperature varied from
-0.5°C in February to 4-28.5°C in August

(Koh et al 1997, Park & Park 2000).

For conditions of reproduction, some
specimens displayed mature segments in re-

gion B. In addition, eggs were observed in

one tube. The spherical shape reached a di-

ameter of 76—80 |JLm.

Discussion

This new species has already been ob-

served in the studied area under different

designations: Spiochaetopterus sp (Hong &
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Lee 1983), Telepsavus costarum (Paik

1989) Spiochaetopterus costarum (Lee

1999; Lim & Hong 1997; Lim et al 1992).

In the nearby Japanese area, before the

work of Nishi et al (1999) which began the

revision of Chaetopteridae in the area, only

2 Spiochaetopterus were known at the sub-

species level: S. costarum okudai and S.

costarum costarum reported by Nishi

(1996) and Nishi & Arai (1996). These sub-

species have now been promoted to the lev-

el of species: S. okudai and S. okinawaensis

and they have been joined by the new spe-

cies S. sesokoensis (Nishi & Bhaud 2000).

These Japanese species are different from

the one described in the present note. The
two equal or subequal lobes of the upper

oblique plane of the specialized seta differ-

entiate the Korean species from the two

Japanese species: S. okinawaensis and S.

sesokoensis Nishi & Bhaud 2000. In addi-

tion, this new species is differentiated from

S. sagamiensis and S. okudai by the clear

division of the upper oblique plane of the

specialized seta into two lobes. A provi-

sional summary for the Pacific Ocean in-

cludes the following species: S. pottsi (E.

Berkeley 1927), S. monroi (Monro 1933),

S. okudai (Okudai 1935); S. okinawaensis

Nishi & Bhaud 2000, S. sesokoensis Nishi

& Bhaud, 2000, S. sagamiensis Nishi et al,

1999. A total of 6 species with, in addition,

the one described in the present paper. In

the Atlantic Ocean, five species were re-

defined (Bhaud 1998a): S. typicus Sars

1856, S. bergensis Gitay 1969, S. costarum

(Claparede 1870), S. oculatus Webster
1879, and S. solitarius (Rioja 1917) and a

new species recently described S. nonatoi

(Bhaud & Petti 2001).

As a consequence of this high number of

species, the question arises: how may the

relationship between the presence of a long

planktonic stage in the life cycle and the

relatively small area of each species be un-

derstood? (cf for instance Scheltema 1971,

1974). Either the planktonic larval life is

not as long as is thought, or there is no

causal link between larval dispersion and

specific area. This latter hypothesis is prob-

ably correct (Bhaud 2000). The putative

cosmopolitism of S. costarum was the result

of both inadequate morphological exami-

nation and the use of questionable ecolog-

ical arguments linked to larval dispersal.

Thus, larval dispersal was often used to jus-

tify a wide geographic distribution for a

species. It was also said that the gene flux

inside the area counteracted any differenti-

ation that might have arisen. However, Vrba

(1983) argued that genetic mixing does not

contribute as much to the integrity of a spe-

cies as selection in a particular environ-

ment. Selection is a first rate cohesive force.

Mobility acts by reducing a population's

chances of isolating itself, but it also acts

by augmenting the probability of encoun-

tering a new environment that is not nec-

essarily favorable. In this case, the more the

individuals are mobile, the greater is the

likelihood that they will experience a new
selection factor, and speciation becomes

more probable.
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Abstract.—Malacobdella arrokeana, a new species of entocommensal ne-

mertean is described from the mantle cavity of the bivalve Panopea abbreviata

in Argentine waters. This discovery expands the distribution of the genus,

including the Southern Hemisphere for the first time, and represents a new host

record. Malacobdella arrokeana can be differentiated from all other species in

the genus by the following combination of characters: worm size, length of

rhynchocoel, proboscis and retractor muscle of proboscis, gonad distribution

and coloration, and position of excretory pores.

Resumen.—Se describe Malacobdella arrokeana, una nueva especie de nem-

ertino endocomensal encontrado en la cavidad del manto del bivalvo Panopea
abbreviata en aguas argentinas. Este descubrimiento expande la distribucion

del genero, incluyendo al Hemisferio Sur por primera vez, y representa un

nuevo registro de hospedador. Malacobdella arrokeana se diferencia de todas

las especies conocidas en este genero por la siguiente combinacion de carac-

teres: tamaiio, largo del rhynchocel, proboscis y musculo retractor de la pro-

boscis, coloracion y distribucion de las gonadas, y posicion de los poros ex-

cretores.

The genus Malacobdella is comprised of them, and partly because important diag-

species with entocommensal habits, typi- nostic features were not initially recognized

cally living in the mantle cavity of bivalve as such and therefore are not mentioned in

molluscs, especially in species of the fam- earlier descriptions. In this paper, a new
ilies Mactridae, Pholadidae and Veneridae species of Malacobdella is described from

(Gibson 1994). A total of 11 species have living and preserved specimens, and com-

been described in the genus. However, pared to other members of the genus,

some of these have been synonymized with

Malacobdella grossa (Miiller, 1776), Material and Methods

whereas others mentioned without full de- Specimens were collected alive from the

scriptions are considered species inquiren- mantle cavity of 14 specimens of Panopea
da, leaving five valid species of Malacob- abbreviata Valenciennes, 1839 collected at

della. The species of this genus are difficult 6-12 m depth during the months of August,

to differentiate, partly owing to the great September and October 2000. The nemer-

morphological similarity between some of teans were relaxed in 7.5% MgClj in sea
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water for 15-30 minutes, fixed in Bouin's

fluid or 5% formalin, and transferred and

stored in 70% ethanol. Entire specimens

were dehydrated in a graded ethanol series

(70%, 80%, 85%, 90%, 95%, 100%),

cleared in methyl salicylate, and mounted

in Canada balsam as whole mounts. Only

specimens fixed in Bouin's fluid and pre-

served in alcohol were used for histological

sections. Cross-sections of four specimens

and sagittal sections of one specimen were

cut at 8 (xm thickness. Some sections were

stained with Harris' hematoxylin and coun-

terstained with eosin, others were stained

using Mallory's trichrome stain. The pro-

boscis of one specimen was prepared for

scanning electron microscopy. It was post-

fixed in 1% osmium tetroxide, dried with

Peldri II (Ted Pella Inc., Redding, Califor-

nia), mounted on stubs with adhesive tape,

coated with gold in a Balzeus SCD 40 coat-

er, and examined in a Philips 515 scanning

electron microscope. Figures were drawn

with the aid of a drawing tube. Photographs

of sectioned specimens were made with a

Sound Vision digital camera. Museum ab-

breviations are as follows, MACN: Museo
Argentino de Ciencias Naturales, Buenos
Aires, Argentina; USNM: Smithsonian In-

stitution National Museum of Natural His-

tory, Washington DC, USA.

Results

Class Enopla

Order Bdellonemertea

Family Malacobdellidae

Malacobdella Blainville, 1827

Malacobdella arrokeana, new species

Figs. 1-4

Material examined.—Holotype (Fig. 1)

from the mantle cavity of Panopea abbrev-

iata Valenciennes, 1839 (Bivalvia, Hetero-

donta, Hiatellidae); type locality: San Jose

Gulf (42°27'S, 64°35'W); MACN No.
34952. All other specimens used in this

study were designated as paratypes, col-

lected from the mantle cavity of Panopea
abbreviata Valenciennes, 1839 (Bivalvia,

Fig. 1 . Malacobdella arrokeana. new species. En-

tire worm, holotype, drawing of a specimen from light

microscopy. Scale bar = 3.5 mm.
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Heterodonta, Hiatellidae); type locality: San

Jose Gulf (42°27'S, 64°35'W); MACN No.

34953 1/10 (10 paratypes), USNM No.

1001179 (6 paratypes).

Etymology.—From "arrok" = sea in the

language of Tehuelches, the prehispanic in-

habitants of Patagonia in Argentina.

Description.—The description is based

on 54 specimens: 36 stored in alcohol in-

cluded in measurements of total length and

width, 13 whole-mounts, 1 sagittal-section

series, 4 cross-section series. Measurements

(mm unless indicated otherwise) are from

the holotype followed by the range from

paratypes in parentheses. Worms elongate,

spatulate anteriorly, 22.1 (3.4-59.0) long by

3.4 (0.8-12.0) maximum width at level of

cerebral ganglia, 1.6 (1.2-3.0) thick; ratio

of body width to length 0.15:1 (Figs. 1, 2A,

3A). Mature specimens 22-59 (x = 37)

long. Pharynx well developed, 5.9 (0.9-

6.4) long by 1.5 (0.4-1.5) wide, occupying

26 (23-38)% of total body length; oval in

cross section, internal surface covered by

numerous papillae (Fig. 3C). Oesophagus

short, 0.34 long, having irregular shape in

cross-section (Fig. 3B). Intestine forming

13 (10-14) loops, lacking diverticula; anus

opens dorsally, at base of terminal sucker

(Figs. 1, 2A, 3A, 4A). Cerebral ganglia 1.7

(0.5-1.7) from anterior cephalic margin,

pharyngeal commissure at level of ganglia

(Fig. 2A), lateral nerve cords running pos-

teriorly in ventro-lateral position, posterior

transverse commissure at level of anus, dor-

sal to intestine (Figs. 4A, 4B). Rhynchocoel

5.9 (1.9-16.3) long, 0.5 (0.5-0.7) in diam-

eter; originates on dorsal side of pharynx

25 (26-68)% from its anterior; extends pos-

teriorly dorsal to intestine to 81 (62-80)%
of total body length (Figs. 1, 2A, 3A); ratio

of rhynchocoel diameter to body thickness

0.31: 1 (0.25-0.52: 1). Proboscis occupying

85 (79-98)% of rhynchocoel length (Fig.

1); 0.3-0.5 (0.4) in diameter; external sur-

face densely covered by well-developed

conical papillae (Figs. 2B-2D). Retractor

muscle of proboscis runs a short distance

within rhynchocoel, then passes through

rhynchocoel wall and enters the parenchy-

ma, bends dorsally and contacts the mus-

cular body wall at 2.6 from anal opening

(Figs. 1, 3F, 3G). Excretory system com-

posed of a number of small branches joined

to two dorso-lateral ducts, enlarged at ter-

minal end as an excretory vesicle, opening

externally through dorso-lateral pores (Figs.

3D, 3E). Excretory pores at level of 2"^* in-

testinal loop, 8.9 (3.8-9.3) from anterior

margin of body [at 40 (33-42)% of body

length] (Fig. 1). Sexes separate. Gonads

small and numerous, distributed evenly

from level of posterior portion of pharynx

to terminal sucker, tending to be grouped

between intestinal loops (Fig. 1); oval to

cylindrical in shape (elongated dorso-ven-

trally), occupying most of the "parenchy-

ma" in fully mature specimens (Fig. 4C),

opening externally through dorsal pores

(Figs. 3B, 4D); testes pale rose; ovaries

white. Terminal sucker 2.2 (0.6-2.4) in di-

ameter (Figs. 1, 2A, 3A, 4A).

Discussion

Of the 1 1 species of the genus Malacob-

della recorded in the literature, only five are

considered to be valid (Gibson 1995): M.

grossa (Miiller, 1776), M. japonica Takak-

ura, 1897, M. minuta Coe, 1945, M. sili-

quae Kozloff, 1991, and M. macomae Ko-

zloff, 1991. Malacobdella anceps (Dalyell,

1853) and M. valenciennaei (Blanchard,

1845) are considered synonyms of M. gros-

sa by Gibson (1994, 1995). Three species

(viz. M. cardii Hesse, 1865, M. obesa Ver-

rill, 1892 and M. mercenaria Verrill, 1892)

need to be re-examined from specimens

from type hosts and localities, as suggested

by Kozloff (1991), and are best considered

species inquirenda at this time. Kozloff

(1991) noted that M. auriculae Blanchard,

1847 from a freshwater pulmonate gastro-

pod of Chile was described by Blanchard

based on drawings made by a colleague. As
there is cause to doubt that it is a nemer-

tean, M. auriculae is considered species in-

certis sedis.
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Fig. 2. Malacobdella arrokeana. new species. A. Photograph ot entire worm; B, Detail of proboscis and

papillae on proboscis observed with light microscopy; C, Proboscis surface observed with SEM; D, Detail of

papillae observed with SEM. Scale bars: A = 1 mm, B and C = 0.5 mm, D = 0.05 mm.

On the basis of relevant literature de-

scriptions, Malacobdella arrokeana new
species, can be distinguished clearly from

the five valid species as follows:

Based on Takakura (1897) and Yamaoka
(1940), Malacohdella joponica is about the

same size, 45 mm long, vs. 22-59 mm for

M. arrokeana, but differs in having a pos-

terior nerve commissure around the termi-

nal sucker instead of a dorsal commissure

in the posterior part of the intestine just be-

fore the anus, as in all other species oi Ma-
lacobdella; the proboscis extends for only

two-thirds of the rhynchocoel length in M.

joponica. whereas the proboscis occupies

most of the rhynchocoel, 80-98% in M. ar-

rokeana; the retractor muscle of the pro-

boscis is bent ventrally and ends freely in
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Fig. 3. Malacobdella arrokeana, new species. A, Sagittal section of entire worm; B, Cross section at level

of oesophagus; C, Cross section at level of pharynx; D, Cross section at level of excretory pores (arrow); E,

Detail of excretory pore; F, Sagittal section of posterior end of worm, posterior end of rhynchocoel (arrow); G,

Detail of origin of retractor muscle of proboscis. Scale bars: A = 1.0 mm, B, C, D and F = 0.5 mm, E and G
= 0.1 mm.
Abbreviations: g, gonad; i, intestine; oe, oesophagus; p, pharynx; r, rhynchocoel.

the parenchyma in M. japonica, whereas it

is curved dorsally and attached to the body
muscular wall in M. arrokeana.

As described by Coe (1945), Malacob-
della minuta is much smaller than M. ar-

rokeana, 5-8 mm vs. 22-59 mm; has fewer

intestinal loops, 7 vs. 10-14; the proboscis

extends for half the rhynchocoel length; tes-

tes are white, vs. pale rose in M. arrokeana;

there are 18 pairs of large gonads distrib-
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Fig. 4. Malacobdella arrokeana, new species. A, Sagittal section of posterior end of worm at level of anus,

nerve commissure (arrow); B, Detail of nerve commissure anterior to anus; C, Cross section of mature female;

D. Cross section of mature male. Scale bars: A and C = 0.5 mm, B = 0.10 mm, D = 0.1 mm. Abbreviations:

g, gonad; i, intestine; nc, nerve commissure; r, rhynchocoel.

uted in a single irregular row on each side

of the body, vs. gonads small, numerous

and evenly distributed from posterior por-

tion of pharynx to base of the terminal

sucker in M. arrokeana.

Kozloff's (1991) description shows that

Malacobdella siliquae is similar in size to

M. arrokeana, 42 mm vs. 22-59 mm, but

excretory pores are lateral, vs. dorso-lateral

in M. arrokeana; the proboscis extends for

half the rhynchocoel length; the ratio of the

rhynchocoel diameter to body thickness is

smaller, 0.14-0.18:1 (based on figs. 4-7—
Kozloff 1991), vs. 0.25-0.59:1 in M. ar-

rokeana; gonad color is inverted, with tes-

tes white and ovaries magenta, vs. testes

pale rose and ovaries white in M. arro-

keana.

Malacobdella macomae, being very sim-

ilar to M. siliquae according to Kozloff
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Fig. 5. Geographical distribution of Malacobdella species. * = M. grossa, A = M. siliquae, A = M.

japonica, • = M. arrokeana, O = M. macomae, \Z\ = M. minuta.

(1991), differs from M. arrokeana in the

same combination of characters described

above, with exception of gonad color (not

mentioned in the original description—Ko-

zloff 1991).

Comparison with Malacobdella grossa is

based on Biiepen's (1933) description, the

most complete morphological study of what

has been assumed by subsequent authors to

be M. grossa (Kozloff 1991), and on Gib-

son's (1994) account. Malacobdella grossa

differs from M. arrokeana in position of the

excretory pores, ventro-lateral vs. dorso-lat-

eral; and ovaries dark olive-green vs. white

in M. arrokeana. The rhynchocoel and pro-

boscis occupy most of the worm length in

both species, but origin of the proboscis re-

tractor muscle is posterior in M. grossa, at

the level of the ventral origin of the termi-

nal sucker in fig. 9 of Riepen (1933), vs.

dorsal in M. arrokeana.

Kozloff (1991) suggested that the num-
ber of intestinal loops ("undulations") is a

good character for distinguishing species.

However, we found that this character var-

ied from 10 to 14 (commonly 12) in M.
arrokeana, independent of worm size. If

this observation is a consequence of our

larger sample size, the taxonomic utility of

this character becomes doubtful.

Malacobdella grossa, according to pub-

lished records, possesses a low degree of

host specificity and has been recorded from

23 species in 17 genera and 1 1 families of

bivalve molluscs, and it is widely distrib-

uted on the coasts of Europe and the Atlan-

tic and Pacific coasts of North America

(Gibson 1967, 1968, 1994; Gibson & Jen-

nings 1969). Each other species of Mala-

cobdella has been recorded from a restrict-

ed genus of bivalve mollusc and has a lim-

ited geographical distribution (Fig. 5) [viz.

M. japonica ex Mactra sachalinensis

Schrenck, 1862 (= Spisula sachalinensis

Schrenck, 1862) (Fam. Mactridae); M. sili-

quae ex Siliqua patula Dixon, 1789 (Fam.

Culltelidae); M. macomae ex Macoma secta

(Conrad, 1837) and M. nasuta (Conrad,

1837) (Fam. Tellinidae); and M. minuta ex

Yoldia cooperii Gabb, 1865 (Fam. Yoldi-

dae)]. Malacobdella arrokeana seems to

follow a similar pattern of host specificity,

being found only in Panopea abbreviata

(Hiatellidae) from a total of six species of

bivalves studied in the same geographic

area [viz. Aulacomya atra (Molina, 1782);
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Mytilus edulis platensis D'Orbigny, 1842;

Protothaca antiqua (King & Broderip,

1832); Eurhomalea exalbida (Dillwyn,

1817); Aequipecten tehuelchus (D'Orbigny,

1842); and Atrina seminuda (Lamarck,

1819)]. Panopea abbreviata represents a

new host record for a Malacobdella, and

this is the first record of the genus Mala-

cobdella from the Southern Hemisphere.
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Revised nomenclature of Alpheus angulatus McClure, 1995

(Decapoda: Caridea: Alpheidae)

Matthew R. McClure

Division of Mathematics and Sciences, Lamar State College - Orange,

410 Front Street, Orange, Texas 77630, U. S. A.

Abstract.—The name of a recently described species of snapping shrimp

from the Gulf of Mexico was discovered to be a junior homonym of another

subspecies within the same genus. A new replacement name is given and a

complete synonymy is listed. Additional morphological characteristics are de-

scribed.

In 1995, a new species of snapping

shrimp from the Gulf of Mexico was de-

scribed and named Alpheus angulatus Mc-
Clure, 1995. It was later called to the au-

thor's attention that Coutiere (1905:914)

previously described specimens of A. stren-

uus from the Maldive and Laccadive Ar-

chipelagoes under the subspecific name, Al-

pheus strenuus var. angulatus Coutiere,

1905 (A. Anker, pers. comm.). Banner &
Banner (1966) stated that the characteristics

used by Coutiere for the separation of A. s.

angulatus from the Maldives and Laccadi-

ves were within the normal variation found

among other A. strenuus, and subsequently

they (Banner & Banner, 1982) considered

A. s. angulatus a junior synonym of A. s.

strenuus.

However, under Article 46.1 of the Inter-

national Code of Zoological Nomenclature

(1999), specific and subspecific categories

are coordinate. A name established at a sub-

specific rank is deemed to have been si-

multaneously established at the specific

rank, and that name is occupied regardless

of synonomy (Article 10.6). Therefore, Al-

pheus angulatus McClure, 1995 is a pri-

mary junior homonym of Alpheus strenuus

var. angulatus Coutiere, 1905, as defined in

Article 53.3, and thus the junior homonym
is rejected (Article 57.2). Lacking another

available synonym, the junior homonym is

herein replaced with a new name as per Ar-

ticle 60.3. Additional morphological char-

acteristics not previously described for this

species are included. Specimens were bor-

rowed from the National Museum of Nat-

ural History, Smithsonian Institution,

Washington, D. C. (USNM).

Alpheus angulosus, new name

Alpheus angulatus.—McClure, 1995:85,

figs. 1, 2., 1996:962.—McClure & Wick-

sten, 1997:480, fig. 4.—McClure &
Greenbaum, 1999:462.

Crangon armillatus.—Hay & Shore, 1918:

386, fig. 9. [Not Alpheus armillatus

Milne Edwards, 1837].

Alpheus armillatus.—Chace, 1972:62 [In

part. Not Alpheus armillatus Milne Ed-

wards, 1837].

Alpheus estuariensis.—Christoffersen,

1984:191 [In part. Not Alpheus estu-

ariensis Christoffersen, 1984].

Holotype.—Male, 28 mm total length,

USNM 266804, South Padre Island, Texas,

Laguna Madre, coll. M. K. Wicksten, 4 Jul

1992.

Material Examined.—Texas: 2 males,

USNM 99837, Institute of Marine Science,

coll. by H. Hildebrand, 2 Apr 1955. Loui-

siana: 1 male, USNM 98135. Rigolets,

Lake Pontchartrain, coll. R. M. Dainell, 23

Dec 1954; 1 male, USNM 102891, Grande

Isle, Home Pass, coll. E. Behre. 7 Apr
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1940. Florida: 2 ovig. females, USNM
77765, Apalachicola Bay, Station 301, coll.

A. S. Pearse, 5 Jun 1935; 1 male, 2 females,

USNM 77769, Apalachicola Bay, coll. A.

S. Pearse, 11 Jul 1935. South Carolina: 3

females, USNM 77766, Calibogue Sound,

coll. G. R. Lunz, 29 Oct 1935; 1 male,

USNM 77768, Big Bay Creek, coll. G. R.

Lunz, 10 Oct 1935.

Etymology.—See McClure (1995).

Discussion.—For description and re-

marks, see McClure (1995). This species

has been frequently mistaken for A. armil-

latus from the coastal areas of the northern

Gulf of Mexico and western Atlantic. The

two species have similar rostro-orbital de-

pressions, which have been used in the past

to identify western Atlantic specimens as A.

armillatus. McClure (1995) provided diag-

nostic differences between A. angulosus (as

A. angulatus) and A. armillatus. In addition

to the characteristics described by McClure

(1995), A. armillatus specimens usually

have a spine at the midline of the first two

abdominal stemites (Kim & Abele, 1988,

specimens from the Atlantic side of Pana-

ma), whereas males of A. angulosus have a

spine or a blunt projection on the midline

of the first abdominal sternite at most, and

lacking in females. The ventral carina on

the antennular peduncle of A. angulosus has

both anterior and posterior margins evenly

convex, with a sharp point anteriorly di-

rected and positioned about midway,
whereas in A. armillatus, the anterior mar-

gin tends to be concave, with the sharp

point anteriorly directed and positioned at

about the anterior two-thirds of the carina

length.

There exists an A. armillatus species

complex consisting of described and undes-

cribed species, and possibly synonyms,

within the Caribbean, Western Atlantic, and

Eastern Pacific, and may be defined by the

following characteristics: rostro-orbital de-

pressions showing U-shaped or V-shaped

abrupt borders; abdominal sternites with

spines on the mid-ventral margin variably

present between species in males; merus of

the first pereopod almost always with a

strong spine; and minor claw not balaeni-

ceps, but usually robust and setose. Carib-

beanAVestem Atlantic species include A.

armillatus and A. angulosus. Eastern Pacific

species include A. hyeyoungae Kim &
Abele, 1988, A. scopulus Kim & Abele,

1988, A. tenuis Kim & Abele, 1988, and A.

martini Kim & Abele 1988.
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Abstract.—Cambarus (Jugicambarus) tuckasegee is a new species of stream-

dwelling crayfish that appears to be endemic to part of the Tuckasegee River

subdrainage of the Little Tennessee River basin in the Blue Ridge province of

North Carolina, where currently it is known from Soco Creek, Raven Fork,

and the Oconaluftee River. It seems to share strong affinities only with Cam-
barus (J.) distans, which occurs in Kentucky, Tennessee, Alabama, and osten-

sibly in northwestern Georgia. It is readily distinguishable from this and all

other members of the subgenus Jugicambarus by a combination of characters

that includes: a short central projection with a deep subapical notch, and a

long, caudoproximally directed mesial process, both on the gonopod of the

form I male; a very inflated palm and notably short, stout fingers, all lacking

tufts of long, stiff setae; a broad, densely punctate areola; a rostrum with very

thickened, sometimes cephalically produced margins; and five to seven tuber-

cles or spines on the ventral surface of the carpus.

Four members of the subgenus Jugicam- species that is limited in North Carolina to

barus of the crayfish genus Cambarus are several fairly close sites in the extreme

known to occur in North Carolina (Cooper western Hiwassee River basin. A fifth

& Braswell 1995, Cooper et al. 1998). North Carolina member of the subgenus, an

Cambarus {Jugicambarus) asperimanus undescribed and apparently endemic stream

Faxon, 1914, is a common inhabitant of species, was recently discovered in Soco

probably all streams in the Blue Ridge, ex- Creek, a tributary of the Oconaluftee River,

eluding those in the Hiwassee River basin, which is a major northeastern branch of the

and of upland streams in the western Pied- Tuckasegee River in the Little Tennessee

mont Plateau; Cambarus {Jugicambarus) River basin. Its description follows.

carolinus (Erichson, 1846), is a primary Abbreviations used in the text are as fol-

burrower with a spotty distribution in wet- lows: BYUC, Brigham Young University

lands of the Little Tennessee and Hiwassee (M. L. Bean Museum) collection, Provo,

River basins; Cambarus {Jugicambarus) UT; GMNH, University of Georgia Muse-
dubius Faxon, 1884, is another primary um of Natural History, Athens; INHS, lUi-

burrower, known from quite a few bogs and nois Natural History Survey, Champaign; j,

similar habitats in the northern Blue Ridge juvenile; NC, North Carolina State high-

and western Piedmont; and Cambarus {Jug- way; NCSM, North Carolina State Museum
icambarus) nodosus Bouchard & Hobbs, of Natural Sciences, Raleigh; PCL, postor-

1976, is a hypogean or hypotelminorheic bital carapace length; R, river; SR, state
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secondary (county) road; TCL, total cara-

pace length; US, United States highway;

USGS, United States Geological Survey;

USNM, National Museum of Natural His-

tory, Smithsonian Institution, Washington,

D.C.; and UTM, Universal Transverse Mer-

cator coordinates.

Cambarus {Jugicambarus) tuckasegee,

new species

Fig. 1, Table 1

Diagnosis.—Body and eyes pigmented,

eye large {x adult diam 2.1 mm). Rostrum

with thickened margins, moderately to

strongly convergent, occasionally subpar-

allel, from base to base of acumen, which

not delimited by tubercles or spines; mar-

gins abruptly thinning, sometimes slightly

produced at base of acumen, then broadly

concave and more strongly converging to

dorsally directed apical tubercle; acumen
comprising 34.6-46.6% (jc = 39.4%, n =

36) of rostrum length, latter comprising

17.6-24.4% (x = 21.7%, n = 36) of TCL.
Areola 3.0-4.8 (x = 3.8, n = 48) times as

long as broad, constituting 31.7-37.5% (x

= 34.2%, n = 51) of TCL and 41.4-45.1%

(x = 43.1%, n = 62) of PCL, and usually

with 5 or 6 punctations across narrowest

part. Thoracic section of carapace dorsally

and dorsolaterally punctate, laterally with

small granules. Cervical spines reduced to

small, rounded tubercles; cervical groove

shallow. Suborbital angle obtuse to sub-

acute, with rounded or acute tubercle; bran-

chiostegal spine reduced to blunt tubercle.

Postorbital ridge with rounded cephalic

margin bearing small tubercle. Antennal

scale 2.1-2.7 (jc = 2.3, n = 30) times as

long as broad, widest distal to midlength;

lateral margin thickened and terminating in

stout, distolaterally directed spine; mesial

(lamellar) margin subparallel to lateral mar-

gin or slightly rounded.

Palm of chela very inflated, 1.4-1.6 (.v =

1.5, 11 = 33) times as wide as deep, 1.2-1.5

{x = 1.4, n = 33) times wider than length

of mesial margin; latter with row of 7-9

large, semierect tubercles, subtended dor-

sally by row of 2-4 (rarely more) smaller

tubercles, plus other minute tubercles dor-

solateral to them. Lateral eminence of artic-

ular ridge of chela, both dorsally and ven-

trally, with multiple, corneous distal tuber-

cles. Fingers short, stout, slightly gaping if

at all, without tufts of setae at opposable

bases; dorsal surfaces of both fingers with

strong longitudinal ridges; dactyl length

L4-L7 (Jc = 1.5, n = 32) times length of

mesial margin of palm, finger with few (if

any) weak tubercles on mesial surface.

Palm and fingers of chela devoid of long,

erect bristles. Carpus with weak dorsome-

sial tubercles; ventral surface with pair of

distal tubercles or spines, and multiple tu-

bercles or spines proximomesial to them.

Dorsal surface of merus with at least 2

strong subdistal tubercles or spines, and

row of produced tubercles along dorsal

ridge.

Hook on ischium of third pereiopod of

males, that of form I male large, tapered,

laterally compressed, overreaching basiois-

chial articulation by most of length and op-

posed by weak tubercle on basis; coxa of

fourth pereiopod of male with moderately

strong, vertically disposed caudomesial

boss.

In situ gonopods (first pleopods) of form

I male (based on holotypic male; Fig. IG)

symmetrical, with small, slightly separated

proximomesial apophyses; central projec-

tion directed caudally, curving slightly me-

sially; mesial process basally bulbous, ta-

pering and curving caudolaterally to sub-

acute, caudally directed tip; in lateral aspect

(Fig. IC) shaft straight; central projection

short, not tapered, curved over 90° to plane

of shaft, with proximally directed subapical

notch; mesial process very long, inflated at

base, directed caudoproximally. tapered and

attenuate toward caudal end. tip acute; in

mesial aspect (Fig. IB), shaft with moder-

ately long setae at about midlength. Total

length of gonopod 25.9% of TCL (28.6%

of PCL).

Annulus ventralis (based on allotypic fe-
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Fig. 1. Cambarus {Jugicambarus) tuckasegee, new species (all from holotypic male, form I, except E, F,

from morphotypic male, form II; H, from paratopotypic male, form I; J, from allotypic female). A, lateral aspect

of carapace; B, E, mesial aspect of left gonopod (first pleopod); C, F H, lateral aspect of left gonopod; D, dorsal

aspect of carapace; G, caudal aspect of in situ gonopods; I, epistome; J, annulus ventralis and postannular

sclerite; K, antennal scale; L, dorsal aspect of distal podomeres of right cheliped (tips of fingers missing). Scale

lines equal 2 mm.

male; Fig. IJ) slightly asymmetrical, basi-

cally subrhomboidal in outline, ca. 1.9

times as wide as long; cephalic margin

domelike, attached to sternum, but annulus

capable of slight hingelike motion; ce-

phalic half not depressed, with deep, fairly

broad median trough flanked each side by
strong ridge; dextral ridge proceeding cau-

dally, then downcurving and disappearing

at margin of transverse fossa near mid-

length of transverse tongue; sinistral ridge

proceeding caudosinistrally, becoming
poorly defined upper arm of reverse C-

shaped caudosinistral wall; transverse

tongue short, curved, plunging into deep-

est part of fossa beneath sinistral wall; cau-

dal half of annulus thick, caudal margin of

caudosinistral wall slightly rounded; cau-

dodextral wall not quite as thick, oblique;

lateral corners of annulus subangular; si-
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Table 1.—Measurements (mm) of types of Cambarus (Jugicambarus) tuckasegee, new species.

Holotypic
male, form I

Allotypic

female
Morphotypic
male, form II

Carapace

Total length

Postorbital length

Width

Depth

Length rostrum

Length acumen

Length areola

Width areola

Antennal scale

Length

Width

Abdomen

Length

Width

Cheliped

Length lateral margin chela

Length mesial margin palm

Width palm

Depth palm

Length dactyl

Gonopod length

37.5 30.9 36.7

31.8 25.7 30.5

19.8 15.9 19.6

13.8 8.8 12.0

6.6 6.0 7.0

2.6 2.3 2.5

14.0 11.1 13.5

4.1 3.3 3.4

6.4 5.4 6.1

2.6 2.3 2.6

40.5 34.8 38.2

17.6 14.5 16.7

30.4* 21.9 25.9

10.6 8.1 9.3

15.3 11.4 12.6

9.6 7.5 8.2

17.0* 11.7 14.2

9.1 N/A 8.5

* Estimated; tips of fingers damaged.

nu.s reverse S-shape, dissecting caudal

margin at midline.

Description of holotypic male, form I.—
Body and eyes pigmented, eye 2.3 mm di-

ameter. Cephalothorax (Fig. lA, D) subcy-

lindrical, moderately depressed dorsoven-

trally (thoracic section 1 .4 times wider than

deep). Areola 3.4 times longer than wide,

constituting 37.3% of TCL (44.0% of

PCL), very punctate, 7 punctations across

narrowest part; width of areola constituting

20.7% of greatest carapace width; branchio-

cardiac grooves very weak. Rostrum with

very thickened margins moderately con-

verging to base of acumen, where abruptly

terminating, slightly produced, rounded,

with cleft between dorsal and subrostral

ridges; margins of acumen narrow, broadly

concave and more strongly converging to

blunt, dorsally directed apical tubercle

reaching nearly to distal margin of penul-

timate podomere of antennular peduncle;

acumen comprising 39.4% of rostrum

length, latter constituting 17.6% of TCL;
floor (dorsal surface) of rostrum broad,

plane, cephalic three-fourths glabrous, cau-

dal fourth punctate; usual row of setiferous

punctations along inner edge of dorsal

ridge; subrostral ridge narrowly visible in

dorsal aspect to base of acumen.

Postorbital ridge fairly short, straight,

dorsolaterally grooved, caudally swollen;

cephalic margin with vestigial tubercle.

Suborbital angle obtuse, bearing small,

blunt tubercle; branchiostegal spine reduced

to tubercle. Thoracic section of carapace

dorsally and dorsolaterally with minute and

large punctations, laterally with rounded

granules; cephalic section 1.7 times longer

than areola, constituting 62.7% of TCL, lat-

erally with small to moderate tubercles and

row of small tubercles along ventral margin

of cephalic section of cervical groove; gas-

tric region mostly glabrous. Cervical spine
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region on right with 4 small to moderate

tubercles (5 on left).

Antennal peduncle with acute distolateral

tubercle on basis, small rounded ventral tu-

bercle on ischium; tip of antennal flagellum

reaching caudal margin of fifth abdominal

tergite when flagellum adpressed; antennu-

lar peduncle with small median spine at

midlength of ventral surface of basal po-

domere. Antennal scale (Fig. IK) 2.5 times

as long as wide, widest distal to midlength;

lateral margin thickened and terminating in

strong, distolaterally directed spine, tip of

which reaching nearly to distal margin of

ultimate podomere of antennular peduncle;

lamella approximately 1.2 times as wide as

thickened lateral portion, distal margin

gently declivous, raiesial margin subparallel

to lateral margin for most of length.

Abdomen slightly longer and narrower

than carapace; pleura slightly rounded on

ventral and caudal margins. Proximal po-

domere of uropod with very small caudo-

lateral spine on lateral lobe, slightly larger

spine on mesial lobe; mesial ramus of uro-

pod with small caudolateral spine, and

strong median ridge ending caudally in

small, subterminal spine; lateral ramus with

median ridge on cephalic section, margin of

transverse flexure on right ramus bearing

row of 12 fixed spines and 1 large, articu-

lated sublateral spine. Telson with 2 spines

in right caudolateral corner of cephalic sec-

tion, mesialmost articulated, left corner

with single fixed spine (articulated spine

congenitally absent); transverse flexure of

telson strong, dorsal surface of caudal por-

tion very setiferous, caudal margin gently

curved.

Epistome (Fig. II) with subseptagonal

cephalic lobe, cephalomedian margin of

which interrupted at base of short projec-

tion; lateral corners thickened, elevated

(ventrally), with tuberclelike ventrolateral

angle; floor (ventral surface) of lobe slight-

ly convex, very punctate; central depression

of body broad, with shallow cephalomedian

fovea; lamellae broad, with some shallow

punctations, lateral corners subtruncate.

with 1 prominent tubercle cephalic to pair

of caudal tubercles each side; zygoma
strongly arched, cephalolateral margins

flanked by usual pits.

Third maxilliped with tip of endopodite

reaching distal margin of antennal pedun-

cle; exopodite very hirsute, tip reaching

midlength of merus of endopodite; longi-

tudinal ridge of ventrolateral margin of is-

chium with row of punctations bearing

short setae along inner edge; ventrolateral

half of ischium quite punctate, distolateral

corner slightly produced, acute; ventrome-

sial half of ischium and ventral surface of

basis with long, stiff bristles; mesial margin

of ischium with row of 29 denticles. Right

mandible with incisor ridge bearing 8 den-

ticles.

Total chela length 81.1% of TCL; palm

(Fig. IL) very inflated, 1.4 times wider than

long, 1.6 times wider than deep; mesial

margin of right palm bearing row of 9

strong tubercles, proximal pair fused at ba-

ses; mesial row subtended dorsally by row

of 5 smaller tubercles, 1 other tubercle dor-

solateral to row; dorsal surface of palm

densely punctate, distolateral portion weak-

ly costate for short distance, lacking im-

pression, with aggregation of deep puncta-

tions; articular ridge very strong, proximal

margin well defined by deep groove; distal

margin of lateral eminence with 3 corneous

tubercles; lateral surface of palm thick,

rounded, with median row of large punc-

tations, distalmost several of which with

basal tubercles; ventral surface of palm

very punctate; articular ridge strong, lateral

eminence with prominent subconical sub-

distal tubercle and 3 distal tubercles; 2 tu-

bercles proximal to ridge. Fingers of chela

of cheliped very slightly gaping in proximal

half, opposable bases with sparse setae.

Fixed finger (Fig. IL) dorsolaterally cos-

tate, inner margin of costation scalloped by

deep punctations; proximolateral base of

finger with slight impression; submedian

ridge strong, elevated, flanked each side by

punctate groove, flanked mesially by sec-

ond ridge; tip of finger damaged; lateral
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surface of finger with row of large puncta-

tions; ventral surface with low, rounded

ridge, flanked laterally by row of puncta-

tions, mesially by punctate groove; proxi-

molateral base of finger lacking depression;

opposable surface with subconical tubercle

(tip abraded) ventral to denticles near mid-

length of finger, and 3 tubercles on proxi-

mal half dorsal to denticles, proximalmost

tubercle very small, third from base mas-

sive; denticles strong, long, in dense mat of

3—6 rows from tip of finger to subconical

tubercle, then in 2 or 3 rows from there to

base of finger and continuing onto articular

ridge. Dactyl of chela (Fig. IL) thick, tip

damaged; finger 1.6 times as long as mesial

margin of palm; dorsal surface of dactyl

with strong submedian ridge flanked each

side by punctate groove, flanked mesially

by second ridge; mesial surface of finger

with pair of very weak basal tubercles, re-

mainder punctate; ventral surface with low,

rounded ridge, flanked mesially by short,

shallow punctate groove, laterally by row

of large punctations; opposable surface with

row of 4 strong tubercles on proximal half

of finger, fourth from base largest and lo-

cated ventral to denticles; latter prominent,

in mat of 2-5 rows on distal half of finger,

2 rows on proximal half.

Carpus of cheliped (Fig. IL) 1.3 times as

long as wide, 1.2 times length of mesial

margin of palm; dorsal surface with oblique

sulcus, lateral to which surface punctate,

mesial to which with 5 moderate dorsome-

sial tubercles; mesial surface of carpus with

short, slightly curved, acute subdistal spine

and 1 proximal tubercle; ventral surface

with stout, subconical distolateral (articular)

tubercle, smaller distomedian tubercle with

corneous tip, 1 large subconical tubercle

proximomesial to latter, and row of 3 other

tubercles near base of subdistal spine of

mesial surface. Merus of cheliped 1 .5 times

longer than greatest depth, length 40.8% of

TCL; dorsal surface with 3 rounded subdis-

tal tubercles and row of produced tubercles

along dorsomedian ridge; ventrolateral

ridge with 4 subacute tubercles of varying

size, and 1 vestigial distal tubercle; ventro-

mesial ridge with 9 conical tubercles, and 1

large, subacute distal tubercle; ventral sur-

face of ischium with 4 subacute tubercles.

Hook on ischium of third pereiopod sim-

ple, tapered, oblique, overreaching basiois-

chial articulation by most of length, op-

posed by weak, setiferous tubercle on basis.

Coxa of fourth pereiopod with moderate

caudomesial boss, in plane of margin of

coxa.

Gonopods as described in "Diagnosis."

Description of allotypic female.—Except

for secondary sexual characters, differing

from holotypic male as follows: Areola

constituting 35.9% of TCL (43.2% of

PCL), with 6 punctations across narrowest

part. Acumen comprising 38.3% of rostrum

length, latter constituting 19.4% of TCL.

Suborbital angle subacute, with acute tu-

bercle. Cephalic section of carapace 1.8

times longer than areola and constituting

64.1% of TCL; cervical spine area with 2

or 3 very weak tubercles. Antennal scale

2.3 times as long as wide, lamella approx-

imately 1.3 times as wide as thickened lat-

eral portion. Telson with 2 spines each cau-

dolateral corner of cephalic section. Epi-

stome with subcircular cephalic lobe bear-

ing small cephalomedian projection.

Total chela length 70.9% of TCL; palm

1.5 times wider than deep; mesial margin

of right palm bearing row of 8 strong tu-

bercles (9 on left), proximal 3 of which

fused at bases; mesial row subtended dor-

sally by row of 4 smaller tubercles (3 on

left); lateral eminence of dorsal articular

ridge with 4 distal tubercles bearing cor-

neous tips; ventral lateral eminence with 2

distal tubercles (3 on left); 2 tubercles prox-

imal to ridge (1 on left). Fingers of chela

without gape. Fixed finger with opposable

surface bearing acute subconical tubercle

ventral to denticles at midlength, and 4 tu-

bercles on proximal fourth dorsal to denti-

cles. Latter very strong, in 2 or 3 rows from

tip to subconical tubercle, 1 or 2 rows from

there to base. Dactyl of chela 1.4 times as

long as mesial margin of palm; mesial sur-
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face of finger with 1 proximal tubercle; op-

posable surface with strong denticles in 2

or 3 rows on distal half, 1 or 2 rows on

proximal half. Carpus of cheliped 1.2 times

as long as wide; dorsal surface with several

strong dorsomesial tubercles. Merus of che-

liped 1.6 times longer than greatest depth,

length 40.5% of TCL; dorsal surface with

3 strong and 2 weak subdistal tubercles;

ventrolateral ridge with 4 tubercles, plus

very weak distal tubercle, and 2 weak tu-

bercles between distal termini of both ven-

tral ridges; ventromesial ridge with 10 tu-

bercles (9 on left) and 1 moderate distal tu-

bercle.

Annulus ventralis as described in "Di-

agnosis." In addition, first pleopods strong,

tips with clusters of long setae, some small-

er setae along margins; postannular sclerite

subalate in outline, ventral surface domed,

with some punctations.

Description of morphotypic male, form
II.—Differing from holotypic male in fol-

lowing respects: Areola 4.0 times longer

than wide, constituting 36.8% of TCL
(44.3% of PCL), with 7 punctations across

narrowest part; width of areola constituting

17.3% of greatest carapace width. Acumen
comprising 35.7% of rostrum length, latter

constituting 19.1% of TCL. Suborbital an-

gle subacute, with tubercle; branchiostegal

spine reduced to vestigial tubercle. Cephal-

ic section of carapace constituting 63.2% of

TCL. Cervical spine region with 2-4 small

tubercles. Antennal scale 2.3 times as long

as wide, lamella 1.3-1.4 times as wide as

thickened lateral portion; distal margin sub-

transverse half of width before curving.

Caudomesial spine on right mesial ramus of

uropod bifurcate. Telson with 2 spines each

caudolateral corner of cephalic section. Ep-

istome with basically subcordiform cephal-

ic lobe. Ischium of third maxilliped with

distolateral corner produced as corneous

spine.

Total chela length 70.6% of TCL; palm
1.5 times wider than deep; mesial margin

of right palm bearing staggered row of 9

tubercles, and 4 tubercles dorsally subtend-

ing mesial row; lateral eminence of ventral

articular ridge with moderate subdistal tu-

bercle and 3 distal tubercles; I tubercle

proximal to ridge. Opposable surface of

fixed finger with row of 4 tubercles proxi-

mal to subcorneal tubercle; denticles in 2 or

3 (rarely 4) rows on distal half of finger.

Dactyl of chela 1 .5 times as long as mesial

margin of palm, lacking tubercles on mesial

surface; opposable surface with row of 5

strong tubercles on proximal half; denticles

as on fixed finger. Carpus of cheliped with

several weak dorsomesial tubercles. Merus
of cheliped 1.6 times longer than greatest

depth, length 39.2% of TCL; dorsal surface

with 5 subdistal tubercles and row of weak
tubercles along dorsal ridge; ventrolateral

ridge with 6 small to moderate tubercles

and 1 very weak distal tubercle; ventro-

mesial ridge with 10 moderate tubercles (9

on left) and 1 strong distal tubercle.

Hook on ischium of third pereiopod

strong, tip overreaching basioischial artic-

ulation, not opposed by tubercle on basis.

In situ gonopods with small, widely sepa-

rated proximomesial apophyses; proximo-

lateral area subtruncate, set off from rest of

shaft by groove; in lateral aspect (Fig. IF),

shaft with strong juvenile suture; central

projection short, directed caudally at about

90°; mesial process stout, strongly tapered,

attenuated and very acute, directed caudo-

proximally and extending caudally farther

than central projection.

Color notes.—Living specimens exhibit

rather constant thoracic carapace pattern of

dark saddle, incomplete across caudomedi-

an margin, superimposed on tan, grayish-

green, or mottled background. Lateral areas

dark, with pale granules and streaks. Ce-

phalic section of carapace also with saddle-

like pattern, paler and more complete along

dorsomedian cervical groove; all lateral tu-

bercles pale. Floor (dorsal surface) of ros-

trum with uneven, dark median streak. Cer-

vical spine area with white blotch, and larg-

er white patch extending along ventral mar-

gin of carapace as far as cephalic end of



378 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

cervical groove. Antennal flagellae tan,

banded with paler interstices.

Dorsal surfaces of chelae pale gray-

green; tips of both fingers orange, bleeding

onto more proximal areas of fingers; lateral

margin of entire propodus yellowish, fading

to pale gray on ventral surface of palm, me-

sial fifth of which dark; tubercles on mesial

margin of palm greenish-gray; ventral artic-

ular ridge of palm orangeish-pink. Pereio-

pods tan with light mottling, proximomesial

surfaces very pale; all tubercles on carpus

and merus of cheliped light in color. All

ventral structures cephalic to zygoma blu-

ish-gray, zygoma white.

Dark color of carapace extending onto

cephalicmost tergite of abdomen as dorso-

lateral blotch on each side; succeeding terga

with smaller, diagonal dash of same color

producing narrow, zigzag dorsolateral stripe

on each side of abdomen; caudal margins

of all terga with narrow, transverse amber
band. Each pleuron with dark tan, V-shaped

marking at about mid-depth, ventral to

which surface dark tan with light mottling.

Tail fan pale with dark mottling, ridges and

flexures dark.

Another variation basically mottled dark

green, with same superimposed saddlelike

pattern as described above. Lateral margins

and ventral surfaces of propodus rosy pink,

except mesial area dark. Cephalic margins

of terga blue; cephalicmost tergite with

darker green transverse band across cephal-

odorsal surface.

Disposition of types.—The holotypic

male, form I, allotypic female, and morpho-

typic male, form II, are in the NCSM crus-

tacean collection (NCSM 5322, 5323, 5324,

respectively), as are paratopotypes consist-

ing of 1 c? I, 1 c? II, 1 9 , 5 j c? (5440), 1

c? II, 1 j cJ, 1 ?, 1 j 9 (5475), 10 j 6
(5476), and paratypes consisting of 2 (^ II,

1 j c?, 2 ? (5170), 8 9, 6 j ? (5474), and

1 9 (5477). Other specimens are at GMNH:
13 subadult and j 9 (GMNH 6194, para-

topotypes), and 1 (? II, 8 j c? (GMNH 6195,

paratypes).

Type locality.—North Carolina, Jackson

County, Soco Creek off US 19 at US 441

Bus, SE of Cherokee (Swain Coun-
ty)(Whittier USGS 7.5' quadrangle, UTM
Zone 17, coordinates 290790E, 3927400N).

Range and specimens examined.—
Known only from the Oconaluftee River,

Soco Creek, and Raven Fork, within the

Tuckasegee River subdrainage of the Little

Tennessee River basin. North Carolina,

where the following collections have been

made (75 specimens; all collected by KS
and associates, and all in NCSM collection

unless otherwise indicated): Jackson Co.—
(1) Soco Creek off US 19 at US 441Bus

(type locality): 1 9 (5323); 1 S II (5324);

1 c? I, 1 c? n, 5 j cJ, 1 9 (5440); 18 Oct

1997; 1 c? n, 1 j cJ, 1 9, 1 j 9 (5475); 10

j 6 (5476); 13 subaduh and j 9 (GMNH
6194); 20 Apr 1999; 1 3 I (5322); 1 j c?,

3 9, 2 j 9 (BYUC 00-31); 12 Nov 1999.

(2) Soco Creek, ca. 2 to 3 river km down-

stream from type locality (UTM 289600E,

3926600N): 1 ^ II, 8 j c? (GMNH 6195);

8 9, 6 j 9 (5474); 1 9 (5477); 19 Apr

1999. Swain Co.—(3) Oconaluftee R at SR
1359: 1 S II (2999); 26 Jul 1989, coll. D.

Penrose, R Winborne. (4) Oconaluftee R
near Birdtown: 2 <? II, 1 j c?, 2 9 (5170);

22 Jul 1999, coll. N. Guthrie, D. R. Lenat,

L. Eaton. (5) Raven Fork (Oconaluftee R)

at Big Cove Rd, Great Smoky Mountains

National Park: 1 9 (INHS 8642); 21 Sep

2000, coll. M. J. Wetzel, M. A. Morgan, B.

Nichols.

Variations.—Variations other than those

denoted in the "Diagnosis" include the fol-

lowing. In ventral outline the shape of the

cephalic lobe of the epistome is quite var-

iable, ranging from semicircular to subsep-

tagonal. In most specimens, however, the

shape is subcordiform, and a very small ce-

phalomedian projection may be present. Al-

though 65 of 72 specimens have a single

fixed spine and a single articulated spine in

each caudolateral corner of the cephalic

section of the telson, a few have two spines

in one corner, three in the other. One spec-

imen has a single fixed spine in each corner.
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with both articulated spines congenitally

absent.

The carpus of the cheliped usually has

from four to six strong or moderate dor-

somesial tubercles, but in occasional spec-

imens these tubercles are fewer and weaker.

The mesial surface of the carpus almost al-

ways has a single proximal tubercle or

spine in addition to the usual large subdistal

spine, but some specimens have from two

to five proximal tubercles or spines, and a

number have a prominent spine or acute tu-

bercle at or near the proximoventral base of

the large subdistal spine. The ventral sur-

face of the carpus almost always bears from

five to seven spines or tubercles.

Most specimens either lack tubercles on

the mesial surface of the dactyl of the che-

liped, or have one to three weak tubercles

on the proximal third or half of the finger.

Some specimens, however, have four to six

weak or moderate tubercles in this area.

Nearly all specimens have a total of four

tubercles on the opposable surface of the

fixed finger of the chela, and these are lo-

cated on the proximal half or less of the

finger; some specimens, however, have only

three such tubercles, and a single specimen

has five. The proximalmost of these tuber-

cles is always very small, and the fourth

from the base is usually very large, but in

12 specimens the third tubercle from the

base is the largest. The proximal half of the

opposable surface of the dactyl almost al-

ways bears four tubercles, and the fourth

from the base is large, subconical, and sit-

uated ventral to the denticles. Occasional

specimens will have three or five tubercles

on this surface, and in several of them it is

the third tubercle from the base that is large,

subconical, and situated ventral to the den-

ticles. The number of subdistal ornaments

on the dorsal surface of the merus ranges

from one or two to as many as five or six,

and their nature varies from small, rounded

tubercles to strong, acute spines. The dorsal

ridge of the merus almost always has a row
of produced tubercles, but these are absent

in a few juveniles. The total number of tu-

bercles or spines on the ventrolateral ridge

of the merus ranges from two to seven, and

they vary in development from moderate

tubercles to strong spines. The ventromesial

ridge of the merus is adorned with eight to

ten small to moderately strong tubercles,

plus a usually strong distal spine.

The cephalic margin of the postorbital

ridge always bears a tubercle or spine. In

adults this structure varies in development

from a vestigial to an acute tubercle, but in

juveniles it is a strong spine. The same is

true of the branchiostegal spine, which is

either minute or obsolete in adults, but may
be strong in juveniles. Most specimens have

two or three weak cervical tubercles, but

occasional individuals may have none, or as

many as four or five. The deepest part of

the fossa of the annulus ventralis is dextral

in 38 females, sinistral in 7 others.

Size and growth.—The largest specimen

is a form I male with a TCL of 49.3 mm
(41.0 mm PCL); the largest female mea-

sures 39.7 mm TCL (33.5 mm PCL). The
latter specimen (NCSM 5477), kept alive

since its capture on 19 April 1999, molted

on 23 July 1999 and 19 January 2000. Be-

tween the 23 July 1999 molt and the time

measurements of the live animal and the

last exuvium were made (16 June 2000),

the animal increased 4.3 mm in TCL (4.0

mm PCL) and 3.8 mm in total chela length.

It was found moribund in the process of

ecdysis on 30 August 2000.

Life history notes.—No ovigerous fe-

males or those with attached young have

been collected. One of the two form I males

was collected on 18 October, the other on

12 November.

Crayfish associates.—No other crayfish

species have yet been found with C. (7.)

tuckasegee. The crayfish fauna of the area,

however, includes C. (J.) asperimanus and

Cambarus (Cambarus) bartonii (Fabricius,

1798).

Affinities.—There are obvious similari-

ties in non-trivial characters between C. (J.)

tuckasegee and Cambarus (Jugicambarus)

distans Rhoades, 1944 (s.s.), which occurs
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in the Kentucky, Cumberland, and Tennes-

see River basins of Kentucky, Tennessee,

and Alabama, and ostensibly in northwest-

ern Georgia. The most prominent similarity

is seen in the central projection of the form

I male gonopod, which in both species is

short and has a strong subapical notch. The
mesial process of form I male C. (J.) dis-

tans (s.s.), however, is considerably shorter

than that of C. (J.) tuckasegee, and is di-

rected caudally at nearly 90° rather than

strongly inclined caudoproximally at over

135°. The two species also differ in the na-

ture of the rostrum, which in C {J.) distans

(s.s.) has convergent as opposed to subpar-

allel margins and has a shorter acumen. An-

other major disparity lies in the very dif-

ferent chela of C. (J.) distans (s.s.), with its

more depressed palm and its longer fingers.

A Jugicambarus population found in

Murphy Hollow Creek on Sand Mountain

in northwestern Georgia was assigned by

Hobbs (1981:200-204) to C. (J.) distans.

This followed Bouchard's (1976:593) re-

port of the species in streams on the same

mountain in Alabama. However, Hobbs
(1981:202) said that the assignment of the

Georgia specimens (eight adults, nine ju-

veniles) was "tentative," and "the possi-

bility exists that a separate taxon should be

proposed to receive them." He indicated a

number of ways in which this material dif-

fered from C. (J.) distans (s.s.), as described

by Rhoades (1944). The members of this

Georgia population resemble C. (J.) tucka-

segee in the general configuration of the

rostrum and in the long, caudoproximally

oriented mesial process of the form I male

gonopod, as well as in the similar color pat-

tern. The similarities, however, end there

since the Georgia specimens differ radically

from C. (J.) tuckasegee in other important

respects. These include the greater length

and degree of curvature of the central pro-

jection of the form I male gonopod in the

Georgia animal; its narrower and less punc-

tate areola; its far less inflated palm and its

considerably longer, less robust fingers; the

different shape and nature of its annulus;

and the tuberculate condition of the lateral

surfaces of its carapace. Thus, whatever its

identity, the Georgia form is not conspecific

with C. (J.) tuckasegee, although the two

may be closely related, sharing a few more
similarities than either appears to share with

C. (J.) distans (s.s.). Unfortunately, no

study of intraspecific variation in C. (J.)

distans has ever been made (see Hobbs,

1981:64), and no morphological or meristic

data on material reported as this species

from Sand Mountain, Alabama (Bouchard

1976:593), have been published.

Cambarus {Jugicambarus) crinipes Bou-

chard, 1973, which occurs in the Cumber-

land River basin of Tennessee and part of

Kentucky, was considered by Bouchard

(1973) to be related to C. (J.) distans. In C.

(J.) crinipes, the fingers of the chela are

longer than those of C. (J.) tuckasegee, the

chelae are very setiferous, the central pro-

jection of the form I male gonopod is ta-

pered and lacks a strong subapical notch,

and the species possesses a small but ob-

vious cervical spine.

The new species bears some superficial

resemblance to another stream-dwelling

species of the subgenus, Cambarus (Jugi-

cambarus) parvoculus Hobbs and Shoup,

1947. This species, however, has a narrower

areola (length 5.7-9.7 times width, versus

3.0-4.8), with only 2-4 punctations across

the narrowest part as opposed to 5-7 in C.

(7.) tuckasegee; a shorter rostrum (length

ca. 16-17% of TCL, versus ca. 18-25%); a

longer central projection on the gonopod of

the form I male; a very different, subovate,

asymmetrical annulus ventralis, in which

the walls of the caudal half are very inflated

and rounded; far fewer tubercles or spines

on the carpus; and a different, usually con-

colorous pattern.

Ecological notes.—All Soco Creek spec-

imens were collected in relatively high gra-

dient, fast-flowing streams dominated by

boulder/cobble substrate. Stream width was

generally 10 to 14 m. Canopy cover at the

two collection sites on this creek was var-

iable: riparian vegetation was predominant-
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ly intact at the upstream site (type locality),

but largely absent at the downstream site.

Algal communities were well developed at

both sites. Most crayfish were found be-

neath boulders at the stream margin, but

some individuals were collected in mid-

channel.

Fishes collected in Soco Creek were typ-

ical of a mid-size, high gradient Blue Ridge

stream. They included Cottus sp. (cf. C.

bairdi Girard); Rhinichthys cataractae (Va-

lenciennes); Nocomis micropogon (Cope);

and stocked Oncorhynchus mykiss (Wal-

baum) (M. Scott, pers. comm.).

Etymology.—The species name denotes

its occurrence, probably as an endemic, in

the Tuckasegee River subdrainage of the

Little Tennessee River basin. North Caro-

lina, and is a noun in apposition.

Suggested vernacular name: Tuckasegee

stream crayfish.
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A new species of the hippolytid shrimp genus Eualus Thallwitz, 1891

(Crustacea: Decapoda: Caridea) from Toyama Bay, the Sea of Japan
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Abstract.—A new species of the caridean family Hippolytidae, Eualus horii,

is described and illustrated based on seven specimens from Toyama Bay, Sea

of Japan. A small subproximal spine on the lateral margin of the antennular

stylocerite, and the comparatively long rostrum (0.58-0.70 times as long as the

carapace), distinguish the present new species from the northwestern Pacific

congeners. These characters are shared with E. lineatus Wicksten & Butler

from the northeastern Pacific. The new species, however, differs from E. li-

neatus in shape of the subproximal spine on the stylocerite and armature of

the basal segment of the antennular peduncle and merus of third pereopod.

A large collection of shrimps from To-

yama Bay, situated on the Sea of Japan

coast of the Honshu main island of Japan,

was sent to the junior author by Mr. Naojiro

Horii of the Uozu Aquarium. The study of

this collection showed the presence of an

undescribed species of Eualus Thallwitz,

1891, a hippolytid genus currently repre-

sented by about 30 species chiefly distrib-

uted in cold and temperate waters of the

world oceans (Noel 1978, Chace 1997). In

this paper, we describe this new species

based on seven specimens. The new species

is compared with Eualus lineatus Wicksten

& Butler, 1983, known from the northeast-

ern Pacific. The discovery of the new spe-

cies from Toyama Bay is remarkable be-

cause Toyama Bay is a commercially im-

portant area for fisheries and the marine

fauna is well documented.

The type specimens are deposited in the

National Fisheries University, Shimonose-

ki, Japan (NFU). CompcU-ative materials of

other species of Eualus (see Appendix) are

deposited in NFU, Natural History Museum
and Institute, Chiba (CBM, with code of

ZC); Laboratory of Marine Zoology, Fac-

ulty of Fisheries, Hokkaido University

(HUMZ, with code of C); Kitakyushu Mu-
seum of Natural History (KMNH); and the

private collection of Dr. G. J. Jensen (Uni-

versity of Washington). Carapace length

(cl) represents specimen size, measured

from the posterior margin of the orbit to the

midpoint of the posterior margin of the car-

apace.

Eualus horii, new species

Figs. 1-5

Material examined.-\io\oX.y^c\ female (cl

3.0 mm), off Hayatsuki-gawa Rivermouth,

Toyama Bay, 80 m, 17 Jun 1979, commer-

cial trawler, coll. N. Horii, NFU 530-2-

2297.

Paratypes: 1 male (cl 3.2 mm), 1 female

(cl 2.3 mm), Toyama Bay, 80-160 m, 25

Jan 1976, commercial trawler, coll. N. Hor-

ii, NFU 530-2-601; 1 female (cl 2.5 mm),
same data, NFU 530-2-2055; 3 ovig. fe-

males (cl 2.9-3.8 mm), off Uozu, Toyama
Bay, 80 m, 17 Jun 1976, commercial trawl-

er, coll. N. Horii, NFU 530-2-2298.

Description of female.—Body (Fig. 1)

moderately slender, integument glabrous.
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Fig. 1. Eualus horii, new species. Holotype female (cl 3.0 mm), Toyama Bay, Sea of Japan, NFTJ 530-2-

2291 . Entire animal in lateral view (distal part of third maxilliped broken off, and fifth pereopod missing).

Rostrum (Fig. 2A, B) straight, slightly

descending or directed forward, distinctly

overreaching distal margin of first segment

of antennular peduncle, but not overreach-

ing distal margin of second segment, 0.58—

0.70 times as long as carapace; dorsal mar-

gin armed with 4-6 (usually 6) sharp teeth

over entire length (posteriormost spine

sometimes arising just posterior to level of

orbital margin); lateral face with thin lon-

gitudinal carina extending from orbital mar-

gin to distal 0.20-0.30; ventral margin with

blade becoming somewhat deeper distally,

with 1-3 subdistal teeth. Carapace (Fig. 1)

with dorsal outline slightly convex in lateral

view; postrostral median carina absent; sub-

orbital projection (Fig. 2A) distinct, trian-

gular, not reaching antennal spine; antennal

spine moderately strong; pterygostomian

spine small; anterolateral margin between

antennal spine and pterygostomian spine

slightly sinuous.

Abdomen (Fig. 1) with somites dorsally

rounded, not carinate or strongly produced

dorsally; pleura of first 3 somites broadly

rounded, those of fourth and fifth each with

small posteroventral tooth. Sixth somite

1.60-1.70 times longer than fifth, 1.90-

2.00 times longer than deep, with small

posteroventral tooth; posterolateral process

terminating acutely. Telson (Fig. 2D) 1.40

times longer than sixth somite, 2.80 times

longer than anterior width; lateral margins

parallel in anterior 0.40, tapering thereafter

to rounded posterior margin; dorsal surface

with 3 pairs of dorsolateral spines (exclud-

ing 1 pair at posterolateral comer); poste-

rior margin with small median tooth and 3

pairs of basally articulated spines (inter-

mediate pair longest; 2 lateral pairs simple,

1 mesial pair plumose).

Branchial formula summarized in Table

1. Epipods present on first to third pereo-

pods.

Sixth to eigth thoracic sternites each with

pair of long teeth arising between coxae of

pereopods. First to third abdominal sternites

each with paired submedian teeth (those on

first and second sternites strongly curved

anteriorly, those on third stemite straight);

fourth and fifth abdominal sternites each

with acutely triangular median tooth; sixth

abdominal somite with small preanal spine.

Eye (Fig. 2A, B) subpyliform; cornea

wider than stalk; ocellus present.

Antennular peduncle (Fig. 2A, B) reach-

ing 0.60-0.70 of scaphocerite. Basal seg-

ment reaching 0.40 of scaphocerite, usually

with 1 strong, acute dorsal tooth on distal

margin; ventromesial ridge with prominent

subdistal tooth; stylocerite slightly over-

reaching distal margin of basal segment,

acutely pointed, subproximally with small,

hook-like tooth on dorsolateral margin.
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Fig. 2. Eualus horii, new species. Holotype female (cl 3.0 mm), Toyama Bay, Sea of Japan, NFU 530-2-

2297. A, anterior part of carapace and cephalic appendages, lateral (antennal flagellum missing); B, same, dorsal

(setae omitted); C, fourth and fifth abdominal somites, lateral; D, telson and left uropod, dorsal (setae omitted).

Penultimate segment less than half length

of basal segment, with strong lateral tooth

on distal margin. Ultimate segment short,

with marginal tooth. Dorsal flagellum stout,

thickened aesthetasc-bearing portion 0.60-

0.70 times as long as carapace; ventral fla-

gellum somewhat longer than dorsal flagel-

lum.

Antenna (Fig. 2A, B) with basicerite bear-

ing small distolateral tooth; dorsodistal comer

bluntly produced; carpocerite reaching mid-

length of scaphocerite. Scaphocerite 0.70-

0.80 times as long as carapace, 3.20-3.30

times longer than wide; lateral margin nearly

straight; distolateral tooth slightly oveneach-

ing distal margin of rounded blade.
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Table 1.

—

Eualus horii, new species. Branchial formula.
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Thoracic somites 1 2 3 4 5 6 7 8

Maxillipeds Pereopods

1 2 3 1 2 3 4 5

Pleurobranchs — — — 1 1 1 1 1

Arthrobranch — — — — — — — —
Podobranch — 1 — — — — — —
Epipods 1 1 1 1 1 1 — —
Setobranchs — — — + + + + —
Exopods 1 1 1 — — — — —

Mouthparts (Fig. 3A-E) typical of genus.

Third maxilliped (Fig. 3F) moderately elon-

gate and slender, overreaching antennal sca-

phocerite by half length of ultimate seg-

ment; ultimate segment 4.20-4.30 times

longer than penultimate segment, tapering

distally, with 5 or 6 darkly pigmented cor-

neous spines distally; antepenultimate seg-

ment shorter than distal 2 segments com-

bined, somewhat flattened proximally, dis-

tolateral margin (Fig. 3G) with small, acute

tooth and 1 long spiniform seta, lateral face

with longitudinal row of minute spiniform

setae and distoventrally with small movable

spine; coxa without oval lateral plate.

First pereopod (Fig. 4A, B) moderately

slender, reaching distal margin of scapho-

cerite. Chela 1.50 times longer than carpus,

4.50 times longer than wide. Dactylus about

half length of palm, weakly curved, with 2

darkly pigmented claws; cutting edge en-

tire. Palm subcylindrical; fixed finger ter-

minating in simple, darkly pigmented claw;

cutting edge entire. Carpus 2.40 times lon-

ger than distal width. Merus 1 .60 times lon-

ger than carpus and 3.70 times longer than

maximal width, subcylindrical, obliquely

articulated with ischium; ventral surface

with row of minute spinules in proximal

0.20. Ischium with setae on ventral surface.

Second pereopod (Fig. 4C) slender, over-

reaching scaphocerite by length of chela

and half of carpus. Chela small with sub-

cylindrical palm; dactylus 0.50-0.60 times

as long as palm, with 2 terminal claws;

fixed finger with 1 terminal claw; cutting

edges of dactylus and fixed finger entire.

Carpus 3.90 times longer than chela, com-

posed of 7 articles, with articles in follow-

ing ratios from proximal end 1.00: 0.80:

1.40: 1.00: 0.80: 0.50: 0.90. Merus 0.60

times as long as carpus. Ischium 1.10 times

longer than merus, subproximally with few

stout setae on ventral margin.

Ambulatory pereopods long and slender.

Third pereopod (Fig. 4D) overreaching sca-

phocerite by length of dactylus and half of

propodus; dactylus (Fig. 4E) compressed

laterally, about 3.80 times longer than deep

and 0.17 times as long as propodus, with 5

or 6 accessory spinules on flexor margin;

propodus 15.00-16.00 times longer than

deep, with 2 rows of spinules on flexor sur-

face; carpus 0.40 times as long as propodus,

unarmed; merus 7.90 times longer than

deep, with 2 or 3 lateral spines in distal

0.30-0.40; ischium about half length of

merus, unarmed. Fourth pereopods (Fig. 4F,

G) similar to third pereopod, overreaching

scaphocerite by length of dactylus and

0.30-0.40 of propodus; merus with 1-3 lat-

eral spines in distal 0.25-0.30. Fifth pereo-

pod generally similar to third; merus un-

armed or armed subdistally with 1 lateral

spine.

First pleopod with endopod shorter than

exopod, elongate subtriangular, with minute

spiniform setae on mesial and lateral mar-

gins and few long setae apically.

Uropod (Figs. 1, 2D) with protopodite

gradually tapering in acute posterolateral

tooth; both rami slightly overreaching pos-
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0.5 mm

Fig. 3. Eualus horii, new species. Holotype female (cl 3.0 mm), Toyama Bay, Sea of Japan, NFU 530-2-

2297. Mouthparts: A, left mandible, external; B, left maxillule, external; C, left maxilla, external; D, left first

maxilliped, external; E, left second maxilliped, external; F, right third maxilliped, lateral; G, same, distal part of

antepenultimate segment, lateral.
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0.5 mm

EG
0.5 mm

1 mm

Fig. 4. Eualus horii, new species. Eualus horii, new species. Holotype female (cl 3.0 mm), Toyama Bay,

Sea of Japan, NFU 530-2-2297. Left pereopods: A, first pereopod, lateral; B, chela of first pereopod, extensor;

C, second pereopod, lateral; D, third pereopod, lateral; E, dactylus of third pereopod, lateral; F, fourth pereopod,

lateral; G, dactylus of fourth pereopod, lateral.

tenor margin of telson; exopod with lateral

margin nearly straight, with acute postero-

lateral tooth accompanied mesially by long

movable spine.

Eggs oblong, width-length ranging from

0.50-0.60 to 0.70-0.90 mm, about 40-70
in number.

Differences in male.—Generally similar

to females. Rostrum (Fig. 5A) with less de-

veloped ventral blade. Dorsal flagellum of

antennule (Fig. 5A) slightly longer than in

females, 0.75 times as long as carapace;

ventral flagellum (Fig. 5A) longer than in

females. First pleopod with endopod (Fig.

5B) elongate subtriangular, with some setae

on lateral margin; appendix interna termi-
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1 mm

Fig. 5. A-C, Eualus horii, new species, paratype male (cl 3.2 mm), Toyama Bay, Sea of Japan, NFU 530—

2-601; D, E, Eualus lineatus Wicksten & Butler, 1983, female (cl 3.5 mm), San Juan Island, Washington State,

G. C. Jensen's private collection. A, anterior right part of carapace and cephalic appendages, lateral (antennal

flagellum partially omitted); B, endopod of left first pleopod, ventral; C, appendix masculina and appendix

interna of left second maxilliped, mesial; D. anterior left part of carapace and cephalic appendages, lateral

(antennal flagellum missing); E, protopod of left uropod, dorsal (setae omitted).
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nal, elongate, about half length of endopod.

Second pleopod with appendix masculina

(Fig. 5C) about 0.60 length of appendix

interna, bearing about 7 long setae.

Color.—Unknown.
Distribution.—So far known only from

Toyama Bay, Sea of Japan, at depths of 80-

160 m.

Etymology.—This new species is dedi-

cated to Mr. Naojiro Horii, Port of Nagoya
Public Aquarium, who collected the speci-

mens of this interesting shrimp. He donated

many shrimps from Toyama Bay to the ju-

nior author when he worked at Uozu
Aquarium. The name is considered as a

noun in apposition.

Remarks.—This new species exhibits

sexual dimorphism in the development of

the antennular flagella: in males, both fla-

gella are more elongate than in females

(Figs. 2A, 5A).

Eualus horii belongs to a group of spe-

cies having epipods on the first to third pe-

reopods. The possession of a small but dis-

tinct subproximal spine on the lateral mar-

gin of the antennular stylocerite in the new
species is remarkable, although little atten-

tion has been paid previously to the pres-

ence or absence of that spine. Within Eu-

alus, the presence of the mentioned spine is

so far known with certainty only in the

northeastern Pacific species E. lineatus (see

Jensen & Johnson 1999). In order to eval-

uate the significance of the presence of this

spine in identifying the species of the ge-

nus, we examined specimens of six previ-

ously known species of Eualus from the

northwestern Pacific (see Appendix) char-

acterized by having epipods on the first to

third pereopods (Hayashi 1993), and found

that none have a subproximal spine on the

antennular stylocerite.

Eualus horii is very similar to E. linea-

tus. In order to ascertain differences be-

tween the two species, the specimens of the

new species were compared with three

specimens of E. lineatus from the Washing-

ton State, USA (see Appendix). In E. horii,

the basal segment of the antennular pedun-

cle is armed usually with only one, rather

than two to four dorsodistal spines. In the

holotype of E. horii, the right basal segment

has two closely set dorsodistal spines, but

this condition is attributable to an abnor-

mality. In the three specimens of E. linea-

tus, the dorsodistal spines are separated by

a distinct space. The subproximal spine on

the antennular stylocerite is relatively larger

and more strongly curved in E. horii than

in E. lineatus (cf. Figs. 2A, 5A, D). The
protopod of the uropod tapers gradually in

E. horii (Fig. 2D), but it tapers rather

abruptly in E. lineatus (Fig. 5E). The num-
ber of lateral spines on the merus of the

third pereopod may further serve to differ-

entiate the two species, though there is

overlap. In the new species, there are two

or three lateral spines on the merus of the

third pereopod, while in E. lineatus, there

are one or two (usually one) lateral spines

on the mentioned segment (cf. Jensen &
Johnson 1999).

Acknowledgments

We greatly appreciate Mr. Naojiro Horii,

who collected these valuable specimens and

donated them to National Fisheries Univer-

sity, on which the present paper is based.

Thanks are extended to Dr. Gregory C. Jen-

sen for making available specimens of E.

lineatus in his private collection for com-

parison. We also thank two anonimous re-

viewers, and Dr. R. Lemaitre for comments

to improve the manuscript.

Literature Cited

Chace, F. A. Jr. 1997. The caxidean shrimps (Crustacea:

Decapoda) of the Albatross Philippine Expedi-

tion, 1907-191, part 7: Families Atyidae, Eu-

gonatonotidae, Rhynchocinetidae, Bathypalae-

monellidae, Processidae, and Hippolytidae.

—

Smithsonian Contributions to Zoology 587:1-

106.

Hayashi, K. 1993. Prawns, shrimps and lobsters from

Japan (72). Family Hippolytidae—Genus £m-

a/M5.—Aquabiology 15:241-244, 311-314,

390-393 (in Japanese).

Jensen, G. C, & R. C. Johnson, 1999. Reinstatement

and further description of Eualus subtilis Car-



390 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

vacho & Olson, and comparison with E. linea-

tus Wicksten & Butler (Crustacea: Decapoda:

Hippolytidae).—Proceedings of the Biological

Society of Washington 112:133-140.

Kobjakova, Z. I. 1955.-[New species of Crustacea De-

capoda from southern part of Kurile-Sakhalin

region].—Trudy Zoologicheskogo Instituta

Akademii Nauk SSSR 18:235-242 (in Russian).

Kr0yer, H. 1841. Udsigt over de nordiske arter af

slaegten Hippolyte.—Naturhistorisk Tidsskrift

3:570-579.

Noel, P. 1978. Eualus drachi nov. sp. (Crustacea, Car-

idea, Hippolytidae) des cotes frangaise de la

Mediterranee.—Archives de Zoologie Experi-

mentale et Generale, Paris 119:21-38.

Stimpson, W. 1860. Crustacea Macrura. Prodromus

descriptionis animalium evertebratorum, quae

in expeditione ad oceanum Pacificum septen-

trionalem, a Republica Federata missa, Cad-

waladaro Ringgold et Johanne Rodgers ducibus,

observavit et descripsit, part VIII.—[Reprint

from] Proceedings of the Academy of Natural

Sciences of Philadelphia 1860:91-116.

Thallwitz, J. 1891. Decapoden-Studien, inbesondere

basirt auf A. B. Meyer's Sammlungen im Ostin-

dischen Archipel, nebst einer Aufzahlung der

Decapoden und Stomatopoden des Dresdener

Museums.—Abhandlungen und Berichte des

Koniglichen Zoologischen und Anthropolo-

gisch-Ethnographischen Museums zu Dresden

1890-1891:1-55, pi. 1.

Wicksten, M. K., & T. H. Butler. 1983. Description of

Eualus lineatus new species, with a redescrip-

tion of Heptacarpus herdmani (Walker) (Cari-

dea: Hippolytidae).—Proceedings of the Bio-

logical Society of Washington 96:1-6.

Yokoya, Y 1933. On the distribution of decapod Crus-

tacea inhabiting the continental shelf around Ja-

pan, chiefly based upon the materials collected

by S.S. "Soyo-maru" during the year 1923-

1930.—Journal of the College of Agriculture of

the Tokyo Imperial University: 12:1-236.

Appendix

List of comparative material

Eualus bulychevae Kobjakova, 1955: Tomioka Bay,

Amakusa Islands, Kyushu, 21 Apr 1964, coll. T. Kik-

uchi, 1 male (cl 1.8 mm), holotype of Eualus kikuchii

Miyake & Hayashi, 1967, KMNH (formerly deposited

in Zoological Laboratory, Faculty of Agriculture, Kyu-

shu University (under ZLKU 8072).

Eualus gracilirostris (Stimpson, 1860): Nemuro Bay,

eastern Hokkaido, 43°21.4'N, 145°29.5'E, 15 m, 15

Sept 1995, beam trawl, RV "Tansei-maru", KT95-13,

stn 9, coll. T. Komai, 2 females (cl 2.6, 2.9 mm),

CBM-ZC 2435.

Eualus leptognathus (Stimpson, 1860): Miyako Bay,

Iwate Prefecture, 1-2 m, 12 Aug 1994, trap, coll. T.

Komai, 3 females (cl 2.8-3.6 mm), CBM-ZC 960.

Eualus lineatus Wicksten & Butler, 1983: San Juan

Island, Washington State, USA, 8 Jan 1980, dreded by

RV Hydah, coll. G. C. Jensen, 1 male (cl 2.8 mm), 1

female (cl 3.5 mm), G. C. Jensen's private collection;

Burrows Channel, Anacortes, Washington State, 12 m,

12 Jun 1997, coll. G. C. Jensen, 1 female (cl 3.2 mm),

G. C. Jensen private collection.

Eualus macilentus (Kr0yer, 1841): Baffin Bay, W of

Greenland, 69°27.8'N, 58°33.4'E, 254 m, 27 Aug
1991, 1 male (cl 12.5 mm), 1 female (cl 13.4 mm),

HUMZ-C 1293.

Eualus pusiolus (Kr0yer, 1841): W of Paramushir Is-

land, North Kurile Islands, 100-120 m, 22 July 1997,

scalopp seine, coll. T. Komai & Y M. Yakovlev, 1

female (cl 3.6 mm), CBM-ZC 4976.

Eualus spathulirostris (Yokoya, 1933): off Usujiri,

southern Hokkaido, 60 m, 28 May 1993, dredge, coll.

E Muto, 1 ovig. female (cl 5.4 mm), CBM-ZC 80.
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Morphology of the megalopal stage of Chasmagnathus granulatus

Dana, 1851 (Crustacea: Decapoda: Brachyura: Varunidae), with

comments on morphological anomalies

Jose A. Cuesta, Tomas A. Luppi, Antonio Rodriguez, and Eduardo D. Spivak

(JAC, AR) Institute de Ciencias Marinas de Andalucia (CSIC), Campus Universitario Rio San

Pedro, 11510 Puerto Real (Cadiz), Spain (antonio.rodriguez@icman.csic.es);

(TAL, EDS) Departamento de Biologia, Facultad de Ciencias Exactas y Naturales, Universidad

de Mar del Plata (UNMdP), Mar del Plata, Argentina (taluppi@mdp.edu. ar.

espivak@mdp.edu. ar);

(JAC, present address) Department of Biology, University of Louisiana at Lafayette, P.O. Box
42451, Lafayette, Louisiana 70504-2451, U.S.A. (jac4813@louisiana.edu)

Abstract.—Megalopal morphology of Chasmagnathus granulatus Dana was
studied in field-collected specimens from Mar Chiquita Lagoon and Sambo-
rombon Bay, Argentina. Characters overlooked in a previous description of

laboratory-reared specimens, such as the cephalothoracic dorsal setation, max-
illule, maxilla, sternum, and abdominal dorsal setation, are examined. In agree-

ment with zoeal morphology, several characters observed in these megalopae

indicate that C. granulatus belongs to the family Varunidae, instead of the

Sesarmidae. These include presence of the antennular endopod, presence of an

epipod on the second maxilliped, number of the antennal flagellum segments,

and the setation patterns of the mandibular palp, pleopods, and uropods. Some
anomalous megalopae, bearing modified zoeal characters, were also encoun-

tered. Some megalopae exhibited lateral spines on the carapace, rudiments of

exopod and protopod on the antennular peduncle, a modified endopod and

exopod of first maxilliped, and rudiments of furcae on the telson. The latter

findings are discussed in terms of the variability in brachyuran larval devel-

opment.

The early life history of brachyuran now be deemed incompletes, especially

crabs includes a zoeal and megalopal given the necessity for detailed informa-

phase, the latter a morphologically unique tion (e.g., setation) as is provided by

phase intermediate between planktonic zo- means of new optical devices and the stan-

eae and benthic adults. The systematics of dardization of procedures and techniques

the Brachyura has traditionally been based (Clark et al. 1998). Consequently, a num-
on adult morphology, although some re- ber of species already described must be

cent studies using zoeal and/or megalopal redescribed in more detail,

morphology support changes in classifica- Southwestern Atlantic saltmarshes are

tion (Rice 1988, Clark & Webber 1991, characterized by dense populations of

Cuesta 1999, Clark & Ng 2000). However, Chasmagnathus granulatus Dana, 1851 (of-

only thorough descriptions of larval stages ten incorrectly referred to as C. granulata),

allow subsequent analysis. Some old de- a semiterrestrial burrowing grapsoid crab

scriptions do not meet modern standards (Spivak 1997). The life cycle of C. granu-

for descriptions and illustrations of ap- latus includes four or occasionally five zo-

pendages, and even good descriptions may eae and one megalopa (Boschi et al. 1967,
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Pestana & Ostrenski 1995). In the present

study a re-examination and redescription of

the megalopal stage of C. granulatus, from

field-collected material, is provided in order

to clarify morphological features now used

in higher classification and to determinate

setation patterns of different appendages for

comparisons with megalopae of related

genera.

Materials and Methods

Megalopae were collected in two tem-

perate estuaries of the Argentine coast:

Samborombon Bay (36°20'S) and Mar Chi-

quita Lagoon (37°60'S). At the first site, a

plankton net (mesh 300 ixm) was towed,

and in the second an ad hoc collector was

used. All the material collected was pre-

served in formalin 4%. Appendages were

dissected under a Wild MZ6 binocular mi-

croscope. Drawings were made using a

Zeiss Axioskop microscope equipped with

Nomarski interference contrast and attached

camera lucida. Drawings were based on five

megalopae. The following measurements

were taken (±0.01 mm) on 54 Mar Chi-

quita and 25 Samborombon megalopae
with a micrometer eyepiece: cephalothorax

length, from the base of the rostrum to the

posterior margin; cephalothorax width, as

the maximum distance between lateral mar-

gins; maximum height and length of the

propodus of chelipeds; and first pleopod

length. Descriptions and figures are ar-

ranged according to the standards proposed

by Clark et al. (1998).

Results

Chasmagnathus granulatus Dana, 1851

Megalopa Figs. 1-5

Previous description.—Boschi et al.

(1967): 36-39, figs. 11-17.

Cephalothorax (Fig. JA, B, Table 1).—
Longer than broad. Rostrum ventrally de-

flected (approximately 90°) with a medium
cleft. Setal arrangement as figured.

Antennule (Fig. 2A). —Peduncle 3-seg-

mented with 4, 3, 1 setae respectively. En-

dopod unsegmented with 1 subterminal and

3 terminal setae. Exopod 4-segmented with

0, 3, 4 and 4 aesthetascs, and 0, 0, 2, 2 (1

long plumose) setae respectively.

Antenna (Fig. 2B).—Peduncle 3-seg-

mented with 5, 2, 2 setae respectively. Fla-

gellum 7-segmented with 0, 0, 4, 1, 4, 3, 3

(terminal) setae respectively.

Mandible (Fig. 2C).—Palp 3-segmented,

distal segment with 8(1 subterminal, 7 ter-

minal) setae.

Maxillule (Fig. 2D).—Coxal endite with

18 (1 basal) plumodenticulate setae. Basial

endite with 19 (3 basal) plumodenticulate

setae. Endopod unsegmented with 6 setae,

2, 2 subterminal and 2 terminal. Exopodal

and epipodal setae present; protopod with 2

long setae.

Maxilla (Fig. 2E).—Coxal endite bilobed

with 14-1-7 plumodenticulate setae. Basial

endite bilobed with 10 (2 inner) + 11 (1

inner) plumodenticulate setae. Endopod un-

segmented with 2 setae on low external

margin. Scaphognathite with 50 plumose

marginal setae and 5 lateral setae (3 on the

upper part and 2 in the lower).

First Maxilliped (Fig. 3A). —Epipod

with 8 long setae. Coxal endite with 12 plu-

modenticulate setae. Basial endite with 13

plumodenticulate setae. Endopod unseg-

mented with 3 simple subterminal setae.

Exopod 2-segmented, proximal segment

with two distal plumodenticulate setae, dis-

tal segment with 4 long terminal plumose

feeding setae.

Second Maxilliped (Fig. 3B).—Epipod

short with 5 long setae. Coxa and basis not

differentiated, with 2 plumodenticulate se-

tae. Endopod 5-segmented, ischium, merus,

carpus, propodus and dactylus with 1, 1, 1,

6 and 9 plumodenticulate setae respectively.

Exopod 2-segmented, proximal with one

medial setae and distal segment with 5 long

terminal plumose feeding setae.

Third Maxilliped (Fig. 3C).—Epipod
elongated with 20 long setae and 1 1 long

plumodenticulate setae proximally. Coxa
and basis not differentiated with 19 plu-
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Fig. 1. Chasmagnathus granulatus Dana, 1851. Megalopa, cephalothorax. A, dorsal view; B, lateral view;

C, anomalous, dorsal view. Scale bar = 0.5 mm.

modenticulate setae. Endopod 5-segmented,

ischium, merus, carpus, propodus and dac-

tylus with 14, 11, 8, 8 and 8 plumodenti-

culate setae respectively. Exopod 2-seg-

mented, proximal segment with 2 medial

setae, and distal segment with 5 long ter-

minal plumose raptatory setae.

Pereiopods (Fig. 4B-F). —All segments

well differentiated and with setae as fig-

ured. Propodus of pereiopods 2-4 with a

terminal inner spine. Dactylus of pereiopod

5 with 3 long subterminal setae.

Sternal plate (Fig. 4A).—Setation as fig-

ured.
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Fig. 2. Chasmagnathus granulatus Dana, 185L Megalopa. A, antennule; B, antenna, b, anomalous antenna

(detail); C, mandible; D, maxillule; E, maxilla, e, anomalous maxilla (detail). Scale bar = 0. 1 mm.

Abdomen (Fig. 5A).—Six somites pre-

sent. Somite 1 with 2 pairs of posterolateral

setae and 1 1 mid-dorsal simple setae. So-

mite 2 with 4 pairs of posterolateral setae

and 3 pairs of mid-dorsal setae. Somite 3

with 4 pairs of posterolateral setae. Somite

4 with 3 pairs of posterolateral setae. So-

mite 5 and 6 with 2 pairs of posterolateral
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Fig. 3. Chasmagnathus granulatus Dana, 1851. Megalopa. A, first maxilliped; a, anomalous first maxilliped

(detail); B, second maxilliped; C, third maxilliped. Scale bars = 0.1 mm.
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Fig. 4. Chasmagnathus granulatus Dana, 185L Megalopa. A, sternal plate, ventral view; B-F, pereiopods

1-5, ventral view (B, F) and dorsal view (C-E). Scale bar = 0.5 mm.

setae. Somite 3-5 with 4 pairs of mid-dor-

sal setae. Somite 6 with 1 pair of mid-dorsal

setae. Somites 2-5 with 1 pair of biramous

pleopods (Fig. 5B-E), endopod unsegment-

ed with 3 terminal hooks, exopod unseg-

mented, pleopods 1-4 with 16, 16, 15, 14

long marginal plumose natatory setae re-

spectively. Uropods (Fig. 5F) 2-segmented

on somite 6, proximal segment with 1 long

marginal plumose natatory seta and distal

segment with 9 long marginal plumose na-

tatory setae.

Telson (Fig. 5A). —Squared in shape and

rounded terminally, with 3 pairs of mid-

dorsal setae, 1 pair of dorsolateral setae and

3 posterior marginal seta.

Morphometry

The length of cephalothorax, propodus of

cheliped and first pleopod were significant-
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Fig. 5. Chasmagnathus granulatus Dana, 1851. Megalopa. A, abdomen, dorsal view; a, anomalous telson;

B-E, pleopods; F, uropod. Scale bar = 0.2 mm.

ly larger in Samborombon Bay megalopae

than Mar Chiquita Lagoon megalopae (Ta-

ble 1).

Anomalous Megalopae

Several specimens from Mar Chiquita

samples were found that do not show the

general morphology and setation pattern for

typical megalopal stages of Chasmagnathus

granulatus, but clearly belong to this spe-

cies. This was confirmed after successful

moults into first crab were obtained in the

laboratory. These specimens had the essen-

tial features of "normal" megalopa but ex-

hibited the following variances: cephaloto-

rax with different shape, bearing vestiges of
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Table 1 .—Morphometric comparison for megalopae of Chasmagnathus granulatus from Mar Chiquita Lagoon

and Samborombon Bay, Argentina.

Cephalothorax Propodus of chelae

Width (mm) Length (mm) Height (mm) Length (mm) length (mm)

Mar Chiquita

« = 54 1.08 ± 0.08 1.27 ± 0.07 0.24 ± 0.01 0.57 ± 0.02 0.51 ± 0.02

Samborombon
« = 25 1.12 ± 0.06 1.33 ± 0.06 0.24 ± 0.01 0.61 ± 0.03 0.53 ± 0.02

Student t Test ns P < 0.0001 ns P < 0.0001 P < 0.0001

zoeal lateral spines, and a reduced number

of setae (Fig. IC), antennular peduncle with

remains of exopodal and protopodal pro-

cesses as spines (Fig. 2b), endopod of max-

illa with setation 2, 2, as in the zoeal max-

illar endopod (Fig. 2e), endopod of first

maxilliped not simple, with few terminal

setae, but elongated, not segmented, and

with a number of setae and arrangement

similar to those of zoeal stages (Fig. 3a),

telson with two short terminal spines in

place of furcal arms and a variable number

of terminal processes (Fig. 5a).

Discussion

Descriptive comparison.—The present

description for megalopae of Chasmagna-

thus granulatus differs from that of Boschi

et al. (1967) in several features (Table 2).

Clear differences can be observed in the se-

tation pattern of several appendages. The

setation of the coxa and basis of maxillules,

maxillae and maxillipeds was not described

by Boschi et al. (1967), nor was the setation

or spinulation of pereiopods and abdomen.

Based on the zoeal and megalopal char-

Table 2.—Differences between previous (Boschi et al. 1967) and present description for megalopae of Chas-

magnathus granulatus. Abbreviations: s., setation; a, aesthetascs; Im, lateral margin.

Boschi et al. (1967) Present study

Antennule

Peduncle s.

Endopod s.

Exopod (flagellum

Antenna s.

) a+s

not described

3 (terminal)

not counted

0, 0, 0, 0, 0, 2, 2, 2, 2, 4

4,3, 1

l(subterminal) + 3(terminal)

+ 0, 3 + 0, 4 + 2, 4 + 2

5, 2, 2, 0, 0, 4, 1, 4, 3, 3

Maxilla

Scaphognathite Im s. 3 + 3 + 2

First maxilliped

Epipodite s.

Exopod s.

6-7

4 (terminal)

8

2(terminal), 4(terminal)

Second maxilliped

Epipodite s.

Endopod s.

3^
1, 0, 3, 9-10

5

1, 1, 1, 6, 9

Third maxilliped

Epipodite s.

Protopod s.

Endopod s.

Pleopod s.

Uropod s.

14-16

12-13

1 1 , 4-6, 0, 6-7, 5-6

17, 17, 15, 15

8-9

20

19

14, 11, 8, 8, 8

16, 16, 15, 14

1. 9
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acters proposed as typical for the family

Varunidae by Cuesta et al. (2000), Chas-

magnathus granulatus should be considered

a varunid rather than a sesarmid species.

Varunid characters for the megalopal stage

are: 7 segments on the antennal flagellum,

3 + 2 lateral setae on the scaphognathite of

the maxilla, dactylus of pereiopods 2-5

without denticulation on the inner surface,

in some cases only strongly spinulate, and

8-19 setae on the distal segment of the uro-

pod. All these characters are found in me-
galopae herein described for C. granulatus.

In addition, this species does not exhibit

typical features of sesarmid megalopae
(Cuesta 1999), such as the absence of an

antennular endopod and the presence of

only four terminal setae on the mandibular

palp. Also, the zoeal morphology of this

species, as described by Boschi et al.

(1967) (revised and corrected by Cuesta

1999, Cuesta et al. 2001), is clearly of a

varunid. The above mentioned characters,

along with recently reported mtDNA se-

quences and new adult morphological fea-

tures (Schubart et al. 2000, 2002), support

reassignment of C. granulatus to the family

Varunidae.

Anomalous megalopae.—All the charac-

ters present in anomalous C. granulatus

megalopae are clearly remains of zoeal

stage features. There are other similar cases

reported in the literature, many of them be-

longing to grapsoid species (Table 3), but

in most cases these features were described

as the common morphology and were not

considered as anomalies. In all these ex-

amples, the material was reared in the lab-

oratory and the obvious explanation was
that they were laboratory artifacts. The pre-

sent study shows that these anomalies can

occur also in the natural environment, and

a new explanation of their occurrence is

thus needed.

The number of zoeal stages varies among
different crab families. Some families have

a constant number of zoeae (e.g., Majidae,

two stages) but this number varies among
genera of other families, and even among
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species of the same genus (e.g., Grapsoidea

and Xanthoidea). Furthermore, other deca-

pod crustaceans show variations in the

number of developmental stages within a

species, and this has been described as de-

velopmental plasticity (e.g., Caridea, see

Knowlton 1974). This plasticity of devel-

opmental pathways has not been reported

extensively in the Brachyura (see Montu et

al. 1990 for a review), but it does occur in

at least a number of grapsoid species. For

example, the number of zoeal stages varies

in Cyclograpsus integer H. Milne Edwards,

1837 (5 or 6) (by Gore & Scotto 1982),

Aratus pisonii (H. Milne Edwards, 1853)

(2, 3 or 4) (by Diaz & Bevilacqua 1986,

1987), Chasmagnathus granulatus (4 or 5)

(by Pestana & Ostrenski 1995), Armases

rubripes (Rathbun, 1897) (4 or 5) (by Mon-
tu et al. 1990), and Eriocheir sinensis H.

Milne Edwards, 1853 (5 or 6) (by Anger

1991). The presence of anomalous megal-

opae occurrs in Armases cinereum (Bosc,

1802) (by Costlow & Bookhout 1960), Se-

sarma reticulatum (Say, 1817) (by Costlow

& BookJiout 1962), Aratus pisonii (by

Warner 1968), Gecarcinus lateralis (Frem-

inville, 1835) (by Willems 1982), Armases
angustipes (Dana, 1852) (by Cuesta & An-

ger 2001), and C. granulatus (this paper)

(see Table 3). Aratus pisonii and C. gran-

ulatus are two of these "plastic" species

previously listed; S. reticulatum, A. ciner-

eum and A. angustipes belong to genera

with a variable (two to four) number of

zoeal stages among species.

In the laboratory, the occurrence of su-

pernumerary zoeal stages and megalopal

anomalies could be explained as a response

to suboptimal conditions in food supply,

temperature, salinity, or the synergetic ef-

fect of these. This explanation could also

be extrapolated to the field, since these spe-

cies usually inhabit unstable environments.

Mar Chiquita and Samborombon Bay
saltmarshes are separated by about 200 km
and have a similar climate. However, anom-
alous megalopae were found in Mar Chi-

quita, a shallow water coastal lagoon char-

acterized by highly variable and unpredict-

able physical conditions (e.g., tidal level,

salinity. Anger et al. 1994) but not in Sam-
borombon Bay, a larger estuarine area with

more regular tides and rather stable inter-

mediate salinities (ca. 20%o). On the other

hand, since Samborombon megalopae are

larger, a differential environmental effect

(e.g. food availability) on larval develop-

ment cannot be ruled out. A differing larval

export strategy was described for these two

localities (Anger et. al. 1994): Mar Chiquita

zoeae develop in coastal sea waters, where-

as Samborombon Bay zoeae probably de-

velop in richer waters of the mouth of Rio

de la Plata.

The ecological and evolutionary signifi-

cance of developmental plasticity in crabs

is an interesting new area of research, but

more experiments in the laboratory and the

field will be necessary to fully interpret the

significance of intermediate stages.
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Two new deep-sea tanaidacean genera, Isopodidus and Cetiopyge

(Crustacea: Peracarida) from the Gulf of Mexico

Kim Larsen and Richard W. Heard

(KL) Texas A&M University, 3146, College Station, Texas 77840, USA
(RWH) Department of Coastal Sciences, University of Southern Mississippi, Gulf Coast Research

Laboratory Campus, Ocean Springs, Mississippi 39566-7000, USA

Abstract.—Two new genera and species, Isopodidus janum and Cetiopyge

mira were found during an investigation of the deep-sea tanaidacean fauna of

the Gulf of Mexico. Isopodidus janum is characterized by an isopod-like body

shape and fused abdomen. Cetiopyge mira superficially resembles Expina typ-

ica and Mirandotanais vorax due to the enlarged abdomen, but is unique in

that the abdomen is laterally compressed in Cetiopyge and cylindrical in the

two other taxa. Despite the unresolved nature of tanaidacean phylogeny, both

new genera can tentatively be assigned to the family Colletteidae.

Pequegnat, et al. (1990) reported that the

diversity of Tanaidacea from the deep wa-

ters of the Gulf of Mexico was very high.

These authors reported the presence of

more than 180 species, most apparently

new to science, from the northern slope and

abyssal zone in depths reaching 3850 m.

These findings, plus those of the present

study, support the assertion by Larsen

(2001) that the biodiversity of deep-water

Tanaidacea has been grossly underestimat-

ed. Specific information on deep-water tan-

aidaceans from the Gulf of Mexico is lim-

ited to the reports of Gardiner (1975), Sieg

& Heard (1989), Meyer and Heard (1990),

and Viskup & Heard (1989), which together

documents only five taxa.

As part of a study of deep-water biodi-

versity conducted by Texas A&M Univer-

sity, we have thus far discovered over 180

species of Tanaidacea. This material repre-

sents a large number of new taxa and will

form an integral part of a comparative bio-

diversity study of the shallow and deep-wa-

ter tanaidacean faunas in the Gulf of Mex-
ico.

Among the new species of Tanaidacea

examined by us, two differed noticeably

form the usual tanaidacean body form. We

consider these two species to represent new
genera referable to the recently established

family Colletteidae Larsen & Wilson, 2002.

The designations and descriptions of these

two new taxa are the subjects of this report.

Holotypes and paratype have been de-

posited in the National Museum of Natural

History, Washington (USNM). Additional

paratypes were deposited in the Gulf Coast

Research Laboratory Museum (GCRL).

Family Colletteidae Larsen & Wilson,

2002

Genus Isopodidus, new genus

Diagnosis (female).—Body dorso-ven-

trally flattened and semicylindrical. Cepha-

lothorax as long as combined length of first

5 pereonites. Antennule with 4 articles. An-

tenna with 6 articles. Mandible molar well

developed. Maxillule with some bifurcate

terminal setae. Labium consists of 1 pair of

lobes without lateral and medial processes.

Maxilliped basis not fused distally, endites

not fused; with 1 minute distal denticle and

narrow than basis. Chelipeds attached ven-

trally by a sidepiece. Pereopods without

coxa, dactylus and terminal setae never lon-

ger than propodus. Pereopod 4 to 6 dactylus
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and unguis not fused to a claw. Pereon and

pleotelson fused. Pleopods present, sitting

in niches created by inner septum of pleon-

ite wall; with simple setae only. Uropods

small, exopod partially fused with proto-

pod, endopod consisting of 2 partially fused

articles. Males unknown.

Etymology.—Genus name reflects the

similarity in shape with the isopods, (Greek

Isopod + idus = Isopod + like). Gender

neuter.

Type species.—Isopodidus janum.

Remarks.—Isopodidus is unique by hav-

ing a fused, almost carapace-like pleon.

Other tanaidomorphan species with pleon

fusion are Anarthrura simplex G. O. Sars,

1882 and Metagathotanais insulcatus Bird

& Holdich, 1988, but both display striking-

ly different characters. Both species differ

by having the usual elongated tanaid body

shape, rudimentary mandibular molar, lack

of pleopods in the female and cheliped at-

tached without a sidepiece. Also these two

species have not been recorded with bifur-

cate terminal setae of the maxillule, al-

though this character can be easily over-

looked. Anarthrura simplex differs further

in the longer, more developed uropod. Me-
tagathotanais insulcatus also differs in the

slender basis of its cheliped.

Isopodidus janum, new species

Figs. 1, 2

Diagnosis.—The genus is monotypic, di-

agnosis is identical to the generic diagnosis.

Etymology.—Named after the Roman
god Janus, which had two faces, as an an-

alog to the impression of a carapace in both

ends (Latin janum = neuter form of janus)

Material examined.—Holotype, non-

ovigerous female (USNM 1001211), body

length 1.20 mm. Paratypes: 1 non-oviger-

ous female (USNM 1001212). Station

MT3-1, 16-Jun-OO, 28°13.2246'N,

89°29.7679'W, depth 983 m. Collected by

Texas A&M University staff. Other mate-

rial: 1 non-ovigerous female. Station W3-

1, 14-May-OO, 27°19.3711'N, 93°19.3081'W,

depth 860 m.

Description of holotype.—Body (Figs.

lA, IB) dorso-ventrally flattened, 2.7 times

as long as broad. Cephalothorax as long as

combined length of pereonite 1-5. Eye
lobes absent. Pereonites all at least 4.5

times as wide as long. Pleon almost as long

as carapace. All pleonites fused with pleo-

telson. Pleonites demarcated on inner sur-

face by septum. All pleonites bearing small

pleopods. Pleotelson posterior margin an-

gled, converging to widely rounded apex.

Antennule (Fig. IC) shorter than cepha-

lothorax. Article 1 as long as rest of anten-

nule, with 2 simple distal setae. Article 2

length half of article 1 , with 3 simple distal

setae. Article 3 length half of article 4, with

2 simple distal setae. Article 4 length one-

third of article 1, with 3 long and 2 small

simple distal setae.

Antenna (Fig. ID) almost as long as an-

tennule. Article 1 not recovered or illus-

trated but only marginally broader than fol-

lowing articles. Article 2 length about one-

third of article 4, with 1 simple distal seta.

Article 3 shorter than article 2, smooth. Ar-

ticle 4 longer than other articles, with 3

simple and 2 sensory distal setae. Article 5

as long as article 2, with 1 distal simple

seta. Article 6 minute with 3 distal setae

and 2 aesthetascs.

Labrum (Fig. IE) smooth and with flat

apex.

Mandibles with relatively broad molar

process with distal denticles and spiniform

process. Right mandible (Fig. IF) incisor

broad, with 1 large and blunt denticle and

several dorsal spines. Left mandible (Fig.

IG) lacinia mobilis as broad as incisor; in-

cisor with 3 pointed denticles.

Maxillule (Fig. IH) endite with 11 distal

spiniform setae, 2 of which are bifurcate.

Palp not recovered.

Maxilla (Fig. II) ovoid with 2 small dis-

tal setules.

Labium (Fig. IJ) apex rather blunt with

few setules.

Maxilliped (Fig. IK) endites with 1 small
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Fig. 1. Isopodidus janum n. sp. A, Lateral view. B, Dorsal view. C, Antennule. D, Antenna. E, Labrum. F,

Right mandible. G, Left mandible. H, Maxillule. I, Maxilla. J, Labium. K, Maxilliped.

denticle and 2 simple distal setae. Basis not

fused distally. Palp article 1 smooth; article

2 with 1 thick setulated inner seta; article 3

with 2 thick setulated inner setae; article 4

with 4 distal thick inner setae and 1 small

outer seta.

Epignath not recovered.

Cheliped (Fig. 2A) basis divided un-
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Fig. 2. Isopodidus janum n. sp A, Cheliped, B, Pereopod 1. C, Pereopod 2. D, Pereopod 3. E, Pereopod 4.

F, Pereopod 5. G, Pereopod 6. H, Pleopod. I, Uropod. J, Inner view of pleopod attachment.

equally by sclerite, shorter than carpus.

Merus with proximal depression, with 1

ventral seta. Carpus as long as propodus in-

clusive fixed finger, with 1 ventral and 2

dorsal setae. Propodus slender, with 3 setae

near dactylus insertion. Fixed finger with 2

ventral setae and 3 on inner margin. Dac-

tylus marginally longer than fixed finger.

Pereopod 1 (Fig. 2B) basis longer than 3

succeeding articles together, smooth. Ischi-
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um with 1 small ventral seta. Merus shorter

than carpus, smooth. Carpus 2 thirds length

of propodus, with 1 distal seta and few se-

tules. Propodus longer than half-length of

basis, with 1 distal and 2 subdistal simple

setae and with dorsal ring of small spines

around dactylus insertion. Dactylus and un-

guis shorter than propodus.

Pereopod 2 (Fig. 2C) as pereopod 1 ex-

cept: Ischium smooth. Carpus with 2 distal

setae.

Pereopod 3 (Fig. 2D) as pereopod 1 ex-

cept: Carpus with 2 distal setae. Pereopod

4 (Fig. 2E) as pereopod 1 except: Ischium

smooth. Merus with 1 distal setae. Carpus

with 3 distal setae. Propodus with 3 distal

setae and spine ring.

Pereopod 5 (Fig; 2F) as pereopod 4 ex-

cept: Basis with 2 sensory medial seta. Is-

chium with ventral seta. Merus with 2 distal

setae. Carpus with 2 simple and 2 spiniform

distal setae. Propodus with 3 distal setae

and dorsal spine ring.

Pereopod 6 (Fig. 2G) as pereopod 4 ex-

cept: Ischium with ventral seta. Merus with

2 distal setae. Carpus with 4 distal setae.

Propodus with 5 distal setae dorsal spine

ring.

Pleopods (Fig. 2H) small, all pairs simi-

lar. Endopod with 3 distal and 1 inner sim-

ple seta. Exopod with 5 distal simple setae

and 1 proximal simple seta.

Uropods (Fig. 21) endopod having 2 in-

completely fused articles with 1 sensory and

4 simple distal setae. Exopod minute and

partially fused with protopod, with 1 simple

distal seta.

Cetiopyge, new genus

Diagnosis (female).—Body laterally

compressed. Carapace as long as combined
length of 2 pereonites. Antennule with 5 ar-

ticles, distal article being minute. Antenna

with 6 articles. Mandible molar broad.

Maxillule with some bifurcate terminal se-

tae. Maxilliped basis not fused distally, en-

dites not fused, without denticles and nar-

rower than basis. Chelipeds attached later-

ally by a sidepiece. Pereopods with coxa

and propodus never longer than dactylus

and terminal setae combined. Pereopod 4 to

6 dactylus and unguis not fused to a hook-

like claw. Distal pereon and pleotelson

greatly enlarged and laterally compressed.

Pleopods absent in female. Uropods small,

exopod minute, endopod consist of 2 par-

tially fused articles.

Etymology.—Named after the enlarged

pleotelson (Greek: Cetio + pyge = Huge -I-

Buttocks). Gender feminine.

Type species.—Cetiopyge mira.

Remarks.—Cetiopyge shares the en-

larged pleon character with Mirandotanais

Kussakin & Tzareva, 1974 and Expina

Lang, 1968 but while these species have a

cylindrically expanded pleon, the pleonal

expansion of Cetiopyge is laterally com-

pressed. Furthermore, P. mira can be dis-

tinguished from both Expina Lang, 1968

and Mirandotanais Kussakin & Tzareva,

1974 by having a relatively well developed

mandibular molar. The spiniform maxillule

setae in Cetiopyge, also separates it from

Expina, which has no terminal setae on

maxillule.

Cetiopyge mira, new species

Figs. 3, 4

Diagnosis.—Since the genus is monotyp-

ic so far, diagnosis is identical to the generic

diagnosis.

Etymology,—Named after the peculiar

body shape and problems assigning this ge-

nus to family (Latin mira = peculiar).

Material examined.—Holotype, non-

ovigerous female (USNM 1001209), body

length 1.23 mm. Paratype: 1 non-ovigerous

female (USNM 1001210). Station W3-1,
14-May-OO, 27°19.3711'N. 93°19.3081'W.

Depth 860 m. Collected by Texas A&M
University staff.

Other material: 1 non-ovigerous female.

Station C4-1, 27°27.5640'N, 89°47.1391'W,

depth 1455 m. 1 non-ovigerous female. Sta-

tion C7-2, 27°43.6967'N, 89°58.7782'W,

depth 1070 m. 12 non-ovigerous females.
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Fig. 3. Cetiopyge mira n. sp. A, Lateral view. B, Antennule. C, Antenna. D, Labrum. E, Maxilliped. F, Right

mandible. G, left mandible. H, Maxillule. I, Cheliped, J, Uropod

Station MT3-1, 16-Jun-OO, 28°13.2246'N,

89°29.7679'W, depth 983 m. 3 non-oviger-

ous females Station MT3-2, 16-Jun-OO,

28°13.1533'N, 89°29.7860'W, depth 987 m.

1 non-ovigerous female. Station MT4-1,
15-Jun-OO, 27°49.6198'N, 89°09.9526'W,

depth 1401 m. 1 non-ovigerous female. Sta-

tion NB5-2, 26°15.1137'N, 91°12.6102'W,

depth 2060 m. 1 non-ovigerous female. Sta-

tion RWl-1, 23-May-OO, 27°30.0242'N,

96°00.1437'W, depth 213 m. 1 non-oviger-

ous female. Station RWl-2, 23-May-OO,

27°29.9333'N, 96°00.2164'W, depth 213 m.

1 non-ovigerous female. Station RW4-1,
21-May-OO, 26°44.886rN, 95°14.7680'W,

depth 1570 m. 3 non-ovigerous females.

Station RW5-1, 21-May-OO, 26°30.2819'N,

95°00.1866'W, depth 1620 m. 1 non-ovig-

erous female. Station S35-1, 11-Jun-OO,

29°20.0500'N, 87°03.3758'W, depth 658 m.

4 non-ovigerous females. Station S36-1,

12-Jun-OO, 28°55.1647'N, 87°40.2232'W,

depth 1825 m. 7 non-ovigerous female. Sta-

tion S36-2, 28°55.1647'N, 87°40.2232'W,

depth 1 832 m. 1 non-ovigerous female. Sta-

tion S43-1, 10-Jun-OO, 28°30.1055'N,
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Fig. 4. Cetiopyge mira n. sp. A, Pereopod 1. B, Pereopod 2. C, Pereopod 3. D, Pereopod 4. E, Pereopod 5.

F, Pereopod 6.

86°04.9983'W, depth 366 m. 1 non-oviger-

ous female. Station S44-2, 11-Jun-OO,

28°45.0140'N, 85°44.9642'W, depth 213 m.

Description of holotype.— non-ovigerous

female, body length 1.23 mm. Body (Fig.

3A) laterally compressed, 6 times as long

as broad. Cephalothorax as long as com-
bined length of pereonites 1—2. Eye lobes

absent. Pereonites all wider than long. Dis-

tal pereon enlarged and laterally com-
pressed. Pleon longer than carapace. Pleon-

ites and pleotelson enlarged and enlarge-

ment increases distally. Pleotelson apex

blunt.

Antennule (Fig. 3B) shorter than cepha-

lothorax. Article 1 longer than rest of an-

tennule, with 3 simple median and 3 simple

distal setae. Article 2 less than half-length

of article 1, with 3 simple distal setae. Ar-

ticle 3 less than half length of article 2, with

1 simple median and 2 simple distal setae.

Article 4 longer than article 3, with 1 long

and 1 small simple distal setae. Article 5

minute, with 3 simple setae.

Antenna (Fig. 3C) as long as combined
length of antennule article 1 and 2. Article

Inot recovered or illustrated, but only mar-

ginally broader than following articles. Ar-

ticle 2 longer than article 3, with 1 simple

distal seta. Article 3 shorter than article 5,

with 1 simple distal seta. Article 4 longer

than other articles, with 1 simple distal seta.

Article 5 shorter than article 1 , with 1 distal

simple seta. Article 6 minute with 1 simple

long and 2 small simple setae.

Labrum (Fig. 3D) setose and with round-

ed apex.

Mandibles with relatively broad molar

process armed with distal denticles and spi-

niform process. Left mandible (Fig. 3F)

lacinia mobilis thinner than incisor, incisor

divided into 2 pointed spines. Right man-

dible (Fig. 3G) incisor broad and blunt,

with 2 dorsal spines.

Maxillule (Fig. 3H) endite with 1 1 distal

spiniform setae, 2 of which are bifurcate.

Palp as long as endite.

Maxilla not recovered.

Labium not recovered.

Maxilliped (Fig. 3E) endites smooth.

Palp article 1 with denticulated scales but

no setae; article 2 with 1 thick setulated and

2 simple inner setae and denticulated scales;

article 3 with 3 thick inner setae and den-

ticulated scales; article 4 with 4 distal thick

inner setae and 1 small outer seta.



410 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF TON

Epignath not recovered.

Cheliped (Fig. 31) basis divided unequal-

ly by sclerite, shorter than carpus. Merus

triangular with 1 ventral seta. Carpus as

long as propodus including fixed finger,

with 1 dorsal seta. Propodus slender with 1

small ventral seta. Fixed finger with 1 ven-

tral seta and 3 setae on inner margin. Dac-

tylus with strongly curved tip.

Pereopod 1 (Fig. 4A) coxa small. Basis

longer than 3 succeeding articles combined,

smooth. Ischium with 1 ventral setulose spi-

niform seta. Merus longer than carpus, wid-

ening distally and with 1 spiniform setulose

distal setae. Carpus two- thirds length of

propodus, with 1 spiniform setulose distal

seta. Propodus shorter than half length of

basis, with 1 simple and 2 serrated spini-

form distal setae. Dactylus and unguis lon-

ger than propodus.

Pereopod 2 (Fig. 4B) as pereopod 1 ex-

cept: Ischium smooth. Carpus with 2 setu-

lose spiniform distal setae. Propodus with 2

setulose spiniform distal setae.

Pereopod 3 (Fig. 4C) basis with 2 medial

sensory and 2 simple setae. Ischium with

1 simple seta. Merus with 2 setulose spini-

form distal seta. Carpus with 1 simple and

3 setulose spiniform distal setae. Propodus

with 2 setulose spiniform and 1 serrated

spiniform distal setae and small distal

spines. Dactylus with gland duct opening at

unguis insertion. Unguis setulose.

Pereopod 4 (Fig. 4D) as pereopod 3 ex-

cept: Basis with 2 medial sensory setae

only. Ischium smooth. Carpus with 1 simple

and 1 setulose spiniform distal setae.

Pereopod 5 (Fig. 4E) as pereopod 3 ex-

cept: Basis smooth. Carpus with 1 simple,

1 spiniform and 2 setulose spiniform distal

setae.

Pereopod 6 (Fig. 4F) similar to pereopod

3 except: Basis and ischium smooth. Pro-

podus with 1 setulose spiniform and 1 ser-

rated spiniform distal setae and several

small spines.

Uropods (Fig. 3J) short and stubby. Pro-

topod smooth Endopod with 2 articles, ar-

ticle 1 with 1 simple distal seta; article 2

with 4 simple distal setae. Exopod minute,

with 2 simple distal setae.

Discussion

The bifurcate terminal setae of the max-
illule of these two new species are unusual.

Apart from Isopodidus janum and Cetiop-

yge mira, these setae have been reported

from Collettea minima Hansen, 1913 (see

Larsen 2000), Curtichelia expressa Kudi-

nova-Pastemak, 1987 Arthrura andriashevi

Kudinova-Pastemak 1966 and Parafilitan-

ais mexicana Larsen, 2002. The character

does not appear to be present in other spe-

cies of the above mentioned, genera. These

seemingly unrelated species do, however,

all inhabit deep water and it is probable that

this setal character has a wider occurrence

in the deep-sea Tanaidacea than currently

recognized.
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from the continental slope of the northern Gulf

of Mexico.—Gulf Research Reports 8:107-1 15.
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Abstract.—Only a single described species of nannastacid is currently known
from New Zealand, Scherocumella pilgrimi (Jones, 1963). This work describes

a second nannastacid species, Campylaspis rex, based on subadult specimens

collected off the coast of New Zealand, from 240-760 meters. Campylaspis

rex is distinguished from all other Campylaspis by the crown of stout tubercles

on the dorsal surface of the carapace, in combination with an acutely dorsally

directed pseudorostrum and uropod exopod distinctly longer than endopod.

The cumacean fauna of a single location

in New Zealand (Lyttelton Harbour) is

moderately well known, and scattered re-

cords exist for other parts of New Zealand

(Spirits Bay, Bay of Islands, Hawke Bay,

North Cape, various wharves in Auckland).

The single previously known nannastacid,

Scherocumella pilgrimi (Jones, 1963), was
collected in Lyttelton Harbour. Only 3 spe-

cies are known from depths below 100 m:

Leucon latispina Jones, 1963 from 123 m;
Diastylis acuminata Jones, 1960 from 402
m; Diastylis insularum (Caiman, 1908)

from 585 m. The majority of Campylaspis

species are known from shelf and upper

slope depths, but several have been record-

ed from the abyssal plains of the Atlantic

and Indian Oceans. Only C. vemae Mura-
dian, 1979, a deep-sea species, is known
from the Pacific, off the coasts of Panama
and Peru. This is the first deep water spe-

cies of Campylaspis from the western Pa-

cific Ocean.

This is the first species to be described

from the NIWA (New Zealand Institute of

Water and Atmosphere) collections, which
contain a great many other new species

(Gerken, pers. obs., Watling, pers. comm.).

Methods

Samples were collected from 1979- 1989

by grab, dredge or boxcore between 240-

760 m. Specimens initially were preserved

in formalin and subsequently transferred

into 70% EtOH. Specimens were mounted

in a mixture of glycerin and ethanol, and

drawings were prepared using a camera lu-

cida on a Wild compound microscope.

Family Nannastacidae Bate, 1856

Campylaspis Sars, 1865

Campylaspis rex, new species

Figs. 1-4

Type material.-Holotype (NZOI 000000)

1 subadult female. New Zealand, 44°26.9'S,

174°54.8'E, 676 m, 25 October 1979. Par-

atypes (NZOI 000000): 1 subadult male,

43°29.87'S, 178°59.73'E, 474 m, 8 Septem-

ber 1989; 2 subadult males, 2 subadult fe-

males (1 dissected), 44°26.9'S, 174°54.8'E,

676 m, 25 October 1979; 1 subadult male,

44°28.0'S, 174°54.8'E, 692 m, 25 October

1979; 1 subadult female, 1 subadult male

44°30.1'S, 174°18.8'E, 760 m, 25 October

1979; 1 subadult female, 43°20.5'S,

179°59.88'E, 244 m, 15 September 1989; 1

subadult male, 43°30.39'S, 178°38.83'E,

340 m, 6 September 1989; 1 subadult fe-

male, 43°49.46'S, 176°59.38'E, 750 m, 14

September 1989; 1 subadult male,

43°14.88'S, 179°00.03'E, 467 m, 8 Septem-

ber 1989.
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0.1 mm B. E

0.2 mm C. 0.1 mm D

Fig. 1. Campylaspis rex, new species. Paratype subadult ?; A, habitus; B, antennule; C, mandibles; D,

maxilliped 1; E, maxilliped 2; F, detail of complex pedunculate seta on antennule, not to scale.

Diagnosis.—Carapace with semicircle of

stout dorsal tubercles, opening towards

pseudorostrum, extending to midline of car-

apace, lateral tubercles absent and lateral

sulcus absent; pseudorostrum acutely dor-

sally directed; uropod exopod distinctly

longer than endopod;

Description.—Subadult female, 3.4 mm.
Carapace with 1 1 stout tubercles extending

dorsally in semicircular fashion, opening
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around pseudorostrum; long setae disposed

about the dorsal surface of the carapace; an-

teroventral margin weakly serrate. Pseudo-

rostrum directed sharply dorsally. Antennal

notch absent.

Antennule article 1 subequal to articles 2

& 3 together, bearing 1 simple seta; article

2 bearing 1 simple and 3 complex pedun-

culate setae; articles 2 & 3 subequal in

length; article 3 bearing 1 proximal seta

with few setules and 1 complex peduncu-

late seta; main flagellum of 2 subequal ar-

ticles, article 1 unarmed, article 2 bearing 3

long and 3 short simple setae; accessory fla-

gellum single minute article, bearing 1

complex pedunculate and 3 simple setae

(Fig. IB).

Antenna rudimentary, not figured.

Mandible navicular, with 4 lifting setae;

incisor with 4 cusps; molar narrow (Fig.

IC).

Maxillule of 2 endites, broad endite bear-

ing 10 stout simple setae terminally; narrow

endite bearing 3 simple, 1 bicuspid, and 1

microserrate setae terminally; palp bearing

2 long simple setae (Fig. 2A). Maxilla of

single endite, bearing 7 simple and 1 mi-

croserrate setae (Fig. 2B).

Maxilliped 1 basis with medial lobe,

bearing a pair of small hook setae, 2 pap-

pose, and 6 simple setae; ischium present,

small; fused merus longer than all other ar-

ticles together, bearing simple setae and 2

plumose setae laterally, margins lined with

fine hair-like setae; propodus bearing 1 sim-

ple seta, margins lined with fine hairlike se-

tae; dactylus fused with propodus (Fig. ID).

Maxilliped 2 basis shorter than last 5 arti-

cles together, bearing 2 simple and 1 plu-

mose setae; ischium 0.5 length of merus,

unarmed; merus slightly longer than carpus,

bearing 1 long plumose seta; carpus bearing

1 short and 2 long simple setae; propodus

slightly longer than merus, bearing 1 stout

simple seta distolaterally, 2 simple setae

distomedially; dactylus less than 0.25

length of propodus, bearing 2 stout and 1

short stout setae terminally, producing a tri-

dent effect (Fig. IE). Maxilliped 3 basis

longer than next 4 articles together, medial

corner produced as 2 teeth, 1 long plumose

seta distolaterally, 2 setae medially; ischium

absent; merus subequal to carpus and pro-

podus together, bearing 2 plumose and 5

simple setae medially, 1 long plumose seta

laterally, margin produced as few small

teeth; carpus 0.7 propodus length, bearing

3 simple and 2 plumose setae medially, 1

long plumose seta laterally, margin pro-

duced as small teeth; propodus 0.5 merus

length, bearing 2 plumose setae medially, 1

simple seta distally, margin produced as

small teeth; dactylus 0.5 length of propo-

dus, bearing 2 short and 1 long simple setae

terminally; exopod longer than basis, basal

article unarmed, flagellum bearing many
long plumoannulate setae (Fig. 3A).

Pereopod 1 basis shorter than all other

articles together, bearing 2 simple and 3

plumose setae, margins lined with fine hair-

like setae; ischium 0.5 propodus length,

bearing 1 long plumose seta; merus sube-

qual to carpus, bearing 5 simple and 4 plu-

mose setae; carpus margin produced as 1

large tooth, bearing 3 simple and 2 plumose

setae; propodus slightly shorter than carpus,

bearing 5 simple and 2 plumose setae; dac-

tylus more than 0.5 carpus length, bearing

4 simple and 1 plumose setae laterally, 2

simple setae terminally; exopod longer than

basis, basal article bearing 2 simple setae,

flagellum bearing many long plumoannu-

late setae (Fig. 3B). Pereopod 2 basis equal

to merus, carpus, propopodus together,

bearing 3 simple setae and 1 seta with few

setules terminally; ischium 0.5 propodus

length, unarmed; merus shorter than carpus,

bearing 3 setae with several terminal setules

of differing lengths (hereafter referred to as

type A setae) and 1 simple seta; carpus

bearing 4 type A, 1 simple and 2 pappose

setae; propodus less than 0.5 merus length,

bearing 1 type A seta; dactylus longer than

merus and carpus together, bearing 3 pap-

pose, 4 microserrate, 2 simple setae later-

ally and I plumoannulate, 1 pappose, 3

simple setae terminally; exopod longer than

basis, basal article bearing 2 simple setae.
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Fig. 2. Campylaspis rex, new species. Paratype subadult 2; A, maxillule; B, maxilla; C, pereopod 2; D,

pereopod 4; E, pereopod 5.

flagellum bearing 2 simple setae and many
long plumoannulate setae (Fig. 2C). Pereo-

pod 3 basis longer than all other articles

together, bearing 6 simple setae; ischium

subequal to dactylus, bearing 1 simple seta;

merus equal to propodus and dactylus to-

gether, bearing 2 stout annulate and 1 sim-

ple setae; carpus longer than merus, bearing

5 simple and 1 annulate setae; propodus 0.5

carpus length, bearing 1 annulate seta; dac-

tylus 0.5 propodus length, bearing 2 simple

and 1 plumose setae terminally (Fig. 3C).
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Fig. 3. Campylaspis rex, new species. Faratype subadult 9; A, maxilliped 3; B, pereopod 1; C, pereopod 3.

Pereopod 4 shorter than other articles to-

gether, bearing 5 simple setae; ischium 0.5

merus length, bearing 1 simple seta; merus

subequal to carpus, bearing 2 simple and 1

annulate setae; carpus bearing 5 simple and

1 annulate setae; propodus slightly longer

than dactylus, bearing 1 annulate seta; dac-

tylus bearing 2 simple and 1 microserrate

setae terminally (Fig. 2D). Pereopod 5 basis

2.0 carpus length, bearing 1 simple seta; is-

chium subequal to propodus, bearing 1 sim-

ple seta; merus slightly shorter than carpus.
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Fig. 4. Campylaspis rex, new species. Paratype subadult 2 : uropods.

bearing 1 simple seta; carpus slightly longer

than merus, bearing 3 simple setae; propo-

dus 0.5 carpus length, bearing 1 simple

seta; dactylus 0.5 propodus length, bearing

2 short and 1 long simple setae terminally

(Fig. 2 E).

Uropod peduncle 2.0 pleonite 6 length,

medial margin weakly serrate and bearing

few simple setae, 1 simple seta laterally; ex-

opod article 1 0.7 article 2 length, bearing

1 simple seta laterally, article 2 bearing 2

simple and 1 microserrate setae laterally, 1

simple seta medially, 1 long microserrate

seta terminally; uropod endopod uniarticu-

late, bearing 2 setae with single setule sub-

terminally and 1 microserrate seta with a

single subterminal setule medially, 1 simple

seta laterally, and 1 microserrate seta with

subterminal setule terminally (Fig. 4).

Etymology.—rex from the Latin regis,

meaning king, in reference to the crown of

tubercles present on the dorsal surface of

the carapace.

Remarks.—Campylaspis rex is the first

campylaspid described from the waters of

New Zealand. This species can be distin-

guished from all other Campylaspis by the

carapace with dorsal tubercles, no sulcus,

and the uropod exopod distinctly longer

than the endopod. While there are many
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Other species of Campylaspis with stout tu-

bercles on the carapace, these species pos-

sess tubercles laterally on the carapace in

addition to dorsally, or a distinct lateral sul-

cus (absent in C. rex), and in these species

the uropod endopod is clearly longer than

the exopod. The most similar species is C.

spinosa Caiman, 1906; however, C. spinosa

can be differentiated from the new species

by possessing paired dorsal spines on all

pleonites and the dactyl of pereopod two

being equal in length to the basis. Campy-
laspis rex has no dorsal spines on the pleon-

ites, and the basis of pereopod two is clear-

ly longer than the dactyl.

The lacinia mobilis is unusual, in that it

is very broad relative to the common state

in the Cumacea.
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Abstract.—A new species of Vemakylindrus, V. hystricosa n. sp. is described

from the continental slope off the coast of California. The new species can be

distinguished from all other Vemakylindrus by the combination of the carapace

and pereonites covered with spines of varying lengths, the telson longer than

the uropods, and the terminal three articles of pereopod 1 being subequal and

each article much less than 0.5 the length of the basis.

Vemakylindrus is a relatively small genus

in the cumacean family Diastylidae, with

only 13 described species. The genus rang-

es in depth from 63—3718 m, but the ma-
jority of species are known from below

1000 m. Despite being a small genus, rep-

resentatives of Vemakylindrus have been re-

corded from every ocean basin. Vemakylin-

drus is an unusual genus within the Dias-

tylidae, with the pseudorostral lobes being

at least the length of the carapace body, and

very frequently much longer.

Methods

All specimens were mounted in a 70%
glycerin and 30% (70%) Ethanol solution,

and drawn with a camera lucida on a Wild

compound microscope. All body lengths

were measured from the tips of the pseu-

dorostral lobes to the posterior margin of

pereonite 6.

Diastylidae Bate 1856

Vemakylindrus Bacescu 1961

Vemakylindrus hystricosa, new species

Figs. 1-3

Holotype material.— I sub-adult male

(LACM 61-94, 27°38'00"N, 115°16'16"W,

838 m).

Paratype material.— 1 ovigerous fe-

male (USNM 310351, 37°13.54'N, 123°

16.26'W, 1820 m, 9-17-91), 1 sub-adult

female (LACM 60-78, 27°54'25"N, 115°

40'00"W, 1713-1740 m), 1 manca 1

(USNM 310352 37°23.51'N, 123°

21.62'W, 1880 m, 9-15-91), 1 manca 1

(USNM 310353, 37°26.05'N, 123°

19.24'W, 1760 m, 9-15-91).

Diagnosis.—Carapace, pereonites and

pleonites covered with spines of varying

length, with 1 pair large dorsal spines on

each pereonite and similar but smaller

paired spines dorsally on pleonites. Bran-

chial regions of carapace swollen and

rounded. Three terminal articles of pereo-

pod 1 subequal in length, each much less

than 0.5 basis length. Telson distinctly lon-

ger than uropod peduncles.

Description.—Ovigerous female, 7.7

mm. Carapace covered in long spines. Car-

apace, pereonites and pleonites covered

with spines of varying length, with 1 pair

large dorsal spines on each pereonite and

similar but smaller paired spines dorsally

on pleonites. Branchial regions of carapace

swollen and rounded. Pseudorostral lobes

as long as rest of carapace. Carapace ventral

margin entirely lined with spines. Pereoni-

tes 1-5 with 1 large pair dorsal spines and

multiple smaller spines. Pleonites 1—6 each

bear at least 1 pair of medium spines dor-

sally (similar to Figs. lA, 1 of holotype

subadult male).
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Fig. 1. Vemakylindrus hystricosa, new species. Holotype subadult male: A, full body, dorsal view; B, full

body, side view. Paratype ovigerous female: C, antenna 1; D, mandible.

Antennule of three articles; article 1 and

article 3 subequal in length, article 1 bear-

ing 3 stout teeth distally, 1 plumose seta

and 1 simple seta distally, margin lined with

fine setae; article 2 0.5 times as long as ar-

ticle 1, bearing 2 long simple setae distally,

margins lined with fine setae; article 3 un-

armed; main flagellum of 2 articles, termi-
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nal article bearing 4 slender annulate setae;

accessory flagellum of 2 articles, both ar-

ticles together not as long as article 1 of

main flagellum (Fig. IC).

Antenna rudimentary, not figured.

Mandible navicular, with 13 lifting setae;

lacinia mobilis slender on right mandible,

distal 2 setae and lacinia bearing small se-

tules; right incisor tri-cuspid (Fig. ID)

Maxillule with two endites; outer endite

with double row of stout simple setae dis-

tally, 1 slender simple seta on lateral mar-

gin, anterior face with many very fine sim-

ple setae; inner endite with 5 setae termi-

nally, 2 stout tri-cuspid setae, 1 stout simple

seta, 1 stout microserrate seta, 1 slender

simple seta, anterior face with many fine

simple setae; palp with 2 long stout simple

setae distally (Fig. 2A).

Maxilla with 3 endites; broad endite dis-

tal half of medial margin with double row

of fine simple setae, 6 large stout pappose

setae, 1 large plumose seta at distal comer,

proximal half of medial margin with row of

37 simple setae, 2 stout pappose setae set

below row, many groups of fine simple se-

tae on anterior-medial face; inner narrow

endite with 4 microserrate setae terminally;

outer narrow endite with 5 long microser-

rate setae terminally (Fig. 2B).

Maxilliped 1 basis produced distally as

blunt medial lobe, medial margin bearing 7

plumose setae, tip of lobe bearing 2 very

short, very stout pappose setae, single long

pappose seta originating between lobe and

ischium; ischium present, reduced, un-

armed; merus as long as carpus, bearing

single pappose seta distally; carpus as long

as merus, bearing 1 very long plumose seta

distally, medial face bearing 8-10 pappose

setae, medial margin bearing 3-4 hooked

setae; propodus half as broad, not as long

as carpus, bearing 2 very long plumose se-

tae distally; dactylus half as broad as pro-

podus, bearing few short pappose setae api-

cally. (Fig. 2C).

Maxilliped 2 basis as long as all other

articles together, distal margin bearing 3

plumose setae and 1 simple seta; ischium

present, compressed, unarmed; merus not as

long as carpus, bearing a single plumose

seta at each distal comer; carpus bearing 4

plumose setae on medial margin, 2 plumose

setae on lateral distal corner; propodus as

long as merus, bearing 4 simple setae on

medial margin, single long plumose seta at

mid-lateral margin, single plumose seta at

lateral distal corner; dactylus half length

and half width of propodus, bearing 1 stout

and 1 slender simple setae apically; endite

bearing 8 long stout simple setae (Fig. 2D).

Maxilliped 3 basis twice as long as all

other articles together, medial margin bear-

ing many short plumose setae, lateral distal

corner bearing 4 stout plumose setae; is-

chium present, as long as carpus, medial

margin bearing 3 short plumose setae; car-

pus medial distal corner bearing 1 short plu-

mose seta, lateral distal comer bearing 2

plumose setae and single tooth; carpus as

long as propodus, beairing 1 small simple

seta and 1 tooth at medial distal corner, 1

plumose seta and 1 tooth at lateral distal

corner; propodus bearing 1 simple and 1

plumose setae medially; dactylus as long as

propodus, bearing 3 simple setae margin-

ally, 2 simple setae apically; exopod slen-

der, not as long as basis, basal article un-

armed, flagellum bearing many long stout

plumose setae (Fig. 2E).

Pereopod 1 basis as long as next 4 arti-

cles together, margins bearing slender plu-

mose setae, distal comer bearing single

stout plumose seta, quadrate in cross sec-

tion with each corner bearing a row of stout

teeth, proximal comer with stout tooth; is-

chium present, unarmed, not as long as

merus; merus unarmed; carpus as long as

propodus, bearing a few fine setae; propo-

dus bearing a few fine setae, single small

plumose seta on margin; dactylus as long

as propodus, bearing 4 simple setae apical-

ly, several fine setae on margins; exopod

not as long as basis, basal article with 8

stout teeth proximally, 1 plumose seta

amongst teeth, single plumose seta distally,

flagellum bearing many long stout plumose

setae (Fig. 3A).
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Fig. 2. Vemakylindrus hystricosa, new species. Paratype ovigerous female: A, maxilla 1; B, maxilla 2; C,

maxilliped 1; D, maxilliped 2; E, maxilliped 3; F, pereopod 3; G, pereopod 4; H, pereopod 5.
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Fig. 3. Vemakylindrus hystricosa, new species. Paratype ovigerous female: A, pereopod 1; B, pereopod 2;

C, telson and uropods.

Pereopod 2 basis as long as next three

articles together, bearing many long plu-

mose setae on lateral margin, 2 plumose se-

tae on medial margin, with many large stout

teeth; ischium present, compressed, un-

armed except for 2 stout teeth; merus bear-

ing 5 long plumose setae and 2 stout teeth

on lateral margin, single plumose seta and

2 stout teeth on medial margin; carpus 0.7

length of basis, unarmed; propodus as long

as dactylus, unarmed; dactylus bearing 3

simple setae apically; exopod as long as ba-
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sis, ischium, merus, carpus together, basal

article with 3 stout teeth proximally, oth-

erwise unarmed, flagellum bearing many
long stout plumose setae (Fig. 3B).

Pereopod 3 basis longer than all other ar-

ticles together, lateral margin bearing 5 plu-

mose setae and many teeth, single large

stout tooth proximally, medial distal corner

bearing single long simple seta and single

tooth; ischium present, bearing single sim-

ple seta at medial distal comer; merus lon-

ger than carpus, bearing single simple seta

on medial margin; carpus unarmed; propo-

dus 0.3 length carpus, bearing single long

stout simple seta distally; dactylus longer

than propodus, bearing single stout simple

seta apically; exopod not present (Fig. 2F).

Pereopod 4 basis as long as next 4 arti-

cles together, bearing 5 plumose setae and

several stout teeth on lateral margin, single

plumose seta proximally on medial margin,

single plumose seta at medial distal comer;

ischium present, unarmed; merus longer

than carpus, unarmed; carpus as long as

propodus and dactylus together, unarmed;

propodus 0.3 carpus length, bearing single

stout simple seta distally; dactylus slender,

longer than propodus, bearing single stout

simple seta apically; exopod not present

(Fig. 2G).

Pereopod 5 basis as long as next 3 arti-

cles together, bearing 1 small simple seta

distally, 1 proximal and 1 distal tooth; is-

chium present, bearing single simple seta;

merus unarmed, not as long as carpus; car-

pus as long as ischium and merus together,

bearing single simple seta on margin, 2

long stout simple setae distally; propodus

0.3 length of carpus, bearing single stout

seta distally; dactylus slender, bearing sin-

gle simple seta apically (Fig. 2H).

Telson longer than uropod peduncles,

pre-anal section much longer than post-anal

section, bearing 2 pair lateral setae on post-

anal section, 1 pair stout terminal setae, pre-

anal section with three stout spines dorsally

(Fig. 3C).

Uropod peduncles slender, bearing 4

short setae medially; endopod tri-articulate,

article 1 bearing 2 setae medially, article 2

bearing 1 seta medially, article 3 bearing 2

long setae apically; exopod bi-articulate, ar-

ticle 1 unarmed, article 2 bearing 4 slender

setae laterally, 2 long setae apically (Fig.

3C).

Etymology.—The species is named hys-

tricosa after the Latin hystricosus, meaning

prickly, from the Greek hystrix, meaning

porcupine.

Remarks.—Five other species of Vemak-

ylindrus bear spines on the carapace and

body; however, V. hystricosa can clearly be

distinguished from the previously described

spiny species. In V. charcoti (Reyss 1974),

the pseudorostral lobes are directed sharply

dorsally, and in V. hystricosa the pseudo-

rostral lobes are horizontally directed. In V.

grandidentatus Gamo 1988, the three ter-

minal articles of pereopod 1 are subequal

(as in V. hystricosa), but each article is ap-

proximately 0.5 the length of the basis,

while in V. hystricosa each article is much
less than 0.5 the basis length. In V. oxycan-

thus Gamo 1988 the telson is subequal to

the uropod peduncles, and in V. hystricosa

the telson is distinctly longer than the uro-

pod peduncles. Vemakylindrus prolatus

(Jones 1969) bears sparse and smaller

spines on the carapace, seven large and four

small dorsal spines on the telson, and a

strong ventral spine on the first pleonite an-

terior to the pleopods, while in comparison

the new species has many carapace spines,

only three large dorsal spines on the telson,

and no ventral spine on the first pleonite.

Vemakylindrus multiuncifer Gamo 1998 is

the most similar of the spiny species; how-

ever, in V. hystricosa the pseudorostral

lobes are relatively shorter than in V. mul-

tiuncifer, the carapace does not have 12

very large spines, nor are the smaller spines

hook shaped, there are no ventral spines on

the posterior pereonites and anterior pleon-

ites, and there are no stout carpal setae on

pereopods three and four, while there are

two stout carpal setae on pereopod 5. The

differences between V. multiuncifer and V.
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hystricosa are not due to stage, as the ho-

lotypes of both species are subadult males.

In the mancae of the new species, the

pseudorostral lobes are proportionally much
longer than in the adults or subadults.

The choice of the subadult male as the

holotype, rather than the available adult fe-

male, is due to the relative condition of the

two specimens. The subadult male is entire,

the carapace has fewer of the spines broken

off, and is not soft, while in comparison the

adult female has many of the spines broken

off, is very soft, and generally in much
poorer condition.

Discussion.—The specimens described

in this study were collected from two dis-

parate places, both geographically and tem-

porally, with some specimens collected in

1991 from off the California coast near

Monterey and others (including the holo-

type) collected in 1978 from off the Pacific

coast of Baja California. It may seem sur-

prising to observe specimens of a small

benthic crustacean, which is assumed to

have low dispersal capabilities due to

brooding of the young, in two such separate

locations. It is very clear that the specimens

all belong to the same species, with iden-

tical spine patterns and all other characters

identical between the two locations. How-
ever, the coast of California from Point

Conception down to Baja has been de-

scribed as a distinct biogeographic province

(San Diegan) by Briggs (1995), and the re-

gion between San Francisco and Point Con-

ception is well known as a region in which

the fauna of northern California and south-

ern California overlap.
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Ontogeny of Rutiderma darbyi (Crustacea: Ostracoda: Myodocopida:
Rutidermatidae) and comparisons with other Myodocopina

Louis S. Kornicker and Elizabeth Harrison-Nelson

Department of Systematic Biology, National Museum of Natural History, Smithsonian Institution,

Washington D.C. 20560-0163, U.S.A.

Abstract.—The carapaces and appendages of instars I-IV of Rutiderma dar-

byi Kornicker, 1983, are described and illustrated. The species has five growth

stages including a single stage for the adult. A key to identification of stages

by differences in appendage morphologies is presented. The morphologies of

appendages at each stage of ^. darbyi and R. arx Kornicker, 1992 are compared

and found quite similar indicating that the two species develop in the same
manner The numbers of bristles on the 9th joint of the 2nd antenna of species

of Rutiderma are useful for identifying the stage of development: 2 bristles on

instar I, 3 on instar II, 4 on instar IV, and 5 on instar V. Natatory hairs are

absent on bristles of the exopodite of the 2nd antenna of juveniles and present

on adults; this distribution is useful for identifying them, and also indicates

that the juveniles are restricted to the substrate. The presence of both a greater

number of natatory bristles and a stouter protopodite on adult male rutider-

matids indicate that the adult male is a stronger swimmer than the adult female.

A similarity in the distribution of bristles on the 1st antennae and 6th and 7th

limbs of instars I-III of R. darbyi (Rutidermatidae), which has five growth

stages, and Skogsbergia lemeri (Kornicker, 1958) (Cypridinidae), which has

six growth stages, suggests that the extra stage in species having six stages is

added after instar III. The total number of bristles, claws, and teeth on ap-

pendages of each stage of R. darbyi (Rutidermatidae: Rutidermatinae), S. ler-

neri (Cypridinidae: Cypridininae), Gigantocypris muelleri Skogsberg, 1920

(Cypridinidae: Gigantocypridininae), and Tetragonodon rex Kornicker & Har-

rison-Nelson, 1999 (Philomedidae: Pseudophilomedinae), are compared. The

rate of increase of the total number of bristles, claws and teeth at each stage

is greater in the earlier stages of R. darbyi, S. lemeri, and T. rex, but greater

in the later stages of G. muelleri, primarily because of a large increase in the

number of bristles on the 7th limb of G. muelleri in the later stages.

The taxonomy of extant Myodocopina has According to Whatley et al. (1993:343),

been strongly biased towards the study of "The Ostracoda are regarded as a distinct

adults, and juvenile stages are often sparse Class of the Crustacea, distinguished as

in collections using nets because they pass they are by their bivalved carapace which

through them. The hypothesis that "ontog- is pierced by pores and into which the en-

eny recapitulates phylogeny" is generally tire animal can be withdrawn when the car-

discredited. However, according to Eldredge apace is closed."

(1999:120), "To the extent that this state- Cohen et al. (1998:251), who were con-

ment is true, it remains a useful source of cerned mainly with extant Ostracoda stated:

both data and insight in the ongoing task of "The Ostracoda is probably a monophyletic

elucidating phylogenetic history." crustacean group composed of Myodocopa
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and Podocopa. All have a unique juvenile

(not a larva) initially with 3 or more limbs,

and except that juveniles lack some setae

and limbs, with morphology similar to the

adult, i.e. with each limb different and com-

pletely enclosed within a bivalve carapace

lacking growth lines."

Spears & Abele (1998:184) concluded

that 18S rDNA evidence concerning Ostra-

coda indicates that individually the Podo-

copida and Myodocopida are monophyletic

lineages, but the evidence "is ambiguous

regarding ostracod monophyly, and sug-

gests an early divergence between podocop-

id and more derived myodocopid lineages."

In their study, Spears & Abele (1998: ta-

ble 14.1) examined 188 rDNA in two my-
odocopids, Euphilomedes carcharodonta

(Smith 1952) (family Philomedidae) and

Rutiderma sp. (family Rutidermatidae),

both members of the superfamily Sarsiel-

loidea, which is in the Suborder Myodo-
copina, Order Myodocopida.

Mainly because the two species are the

first and only myodocopids examined for

18S rDNA, more detailed information con-

cerning them is warranted; therefore, we
wrote to Dr. Abele and received from Dr.

Spears the information that they had been

received from Anne C. Cohen, who had

also identified them (Spears, in litt. 24 Nov
1998). In answer to my enquiry. Dr. Cohen
kindly sent the following station data (in

litt. 7 Mar 1999): "'Rutiderma sp. coll. by

Anne Cohen, near LTS buoy [fore-reef &
groove], Discovery Bay Lab., Jamaica, 50

ft., ca. 4:45 pm, March 16, 1991; Cohen
hand net scraping surface of sand in sand

groove; decanted & sorted live the next day.

Euphilomedes c.f. carcharodonta (V.

Smith) Jan. 10, 1990, Hyperion station C-

3, Santa Monica Bay, CA 63m deep, mod-
ified VanVeen Grab, MA'' Marine Surveyor.

Vouchers retained: 2 adult females [limbs

of female A on slide], 2 juveniles. Length

of female A— 1.92 mm [small for carchar-

odonta^.''' Voucher specimens of carchar-

odonta are at the Los Angeles County Mu-
seum, and voucher specimens of Rutiderma

sp. are retained by Cohen (Cohen, in litt. 7

Mar 1999).

However, unless additional DNA data in-

dicate otherwise, the present authors agree

with a conclusion of Cohen et al. (1998:

252) that the Myodocopa and Podocopa

possibly do not form a monophyletic group,

"but regard it more parsimonious and use-

ful to assume that they do, considering the

many similarities between them, at least

some of which are probably derived."

Adults of Rutiderma darbyi Komicker,

1983, were described by Darby (1965:28)

and Kornicker (1983:36). In addition to the

adult stage, R. darbyi has four instars (in-

stars I to IV); these are described herein and

the ontogeny of the species is discussed and

compared with other taxa.

Species of the Rutidermatidae that have

had instars described in the literature as

well as herein are listed in Table 1 . Previous

to the present contribution, all developmen-

tal stages of only Rutiderma arx Komicker,

1992, had been described.

In addition to describing instars of R.

darbyi, its development is compared with

that of other Myodocopina, and aspects of

the first and second antennae and mandible

are discussed.

Collecting locality.—Port Everglades,

Florida, is a deep-water port 20 miles north

of Miami and just south of Fort Lauderdale,

and borders on the Intracoastal Waterway
(United States Coast Pilot, 1948:305, 332

(map)). Stations from which ostracodes

have been identified herein were located at

approximately 26°05'N, 80°07'W. Species

collected are listed in an Appendix. In ad-

dition to specimens described herein, addi-

tional specimens of R. darbyi, other ostra-

codes, as well as many tanaids, sipunculans,

isopods, and other invertebrates were in

most samples (Messing, in litt., February

1997).

Methods.—All samples obtained in Pon-

ar grab (six inches on a side) and were

sieved using a 5000 |jl mesh screen.

Disposition of specimens.—Specimens

have been deposited at the National Muse-
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Table 1 .—Inventory of species of Rutidermatidae with known instars (f = female, m = male, — = stage not

described, + = stage described, * = sex uncertain). (Listed ages of some instars are revised and differ from

those given in original description.)

Instar and sex

I II HI IV Adult
Species sex* f (m) f (m) f (m) f(m)

Rutiderma

R. apex^ - - (-) - (-) -(+ ) + (+ )

R. arx^-^ + * + (-) -
( + ) -(+ ) + ( + )

R. darbyi" + * + * + ( + ) + ( + ) + (+ )

R. hartmannP - -(+ ) + (-) -
( + ) + (+ )

R. irrostratum^ - -(-) - (-) -(+) + (-)

R. leloeuffV'
- - (-) - (-) -(+ ) - (-)

R. lomae' - - (-) + (-) - (-) + ( + )

R. normanP - - (+) -
( + )

- ( + ) + ( + )

R. rotunda^ - + (-) - (-) - (-) + (-)

R. tridens^

A 1* 7 / *

— -(-) - (-) + (+ )
- (-)

Alternochelata

A. lizardensis^ _ -(-) - (-) -(+ ) + ( + )

A. polychelata^" - -(-) - (-) -
( + ) - (-)

Scleraner \
S. trifax''

- -(-) - (-) -(+ ) + ( + )

Metaschisma

M. nex" - - (-) - (-) - (+ ) + (-)

References: ' Komicker & Harrison-Nelson (1997). ^ Komicker (1992). ^ Kornicker & Thomassin (1998).

Kornicker (1983) and herein. ' Kornicker (1985). '^ Kornicker & Caraion (1978). 'Komicker & Myers (1981).

8 Poulsen (1965). " Komicker (1982). '« Komicker (1958). " Komicker (1994).

um of Natural History, Smithsonian Insti-

tution. These have been assigned USNM
numbers.

Classification

Class Ostracoda Latreille, 1802

Superorder Myodocopa Sars, 1866

The superorder Myodocopa includes the

order Myodocopida and Halocyprida; the

latter includes the suborders Halocypridina

and Cladocopina (Kornicker & Sohn 1976:

3: fig. 2).

Order Myodocopida Sars, 1 866

The suborder Myodocopina is the only

suborder in the order Myodocopida.

Suborder Myodocopina Sars, 1866

The Myodocopina include 3 superfami-

lies, Cypridinoidea, Sarsielloidea, and Cy-

lindroleberidoidea.

Superfamily Sarsielloidea Komicker, 1986

The Sarsielloidea include 3 families, Phi-

lomedidae, Sarsiellidae, and Rutidermati-

dae, which are widespread in the world's

oceans.

Rutidermatidae Brady & Norman, 1896

The Rutidermatidae include 2 subfami-

lies: Rutidermatinae Brady & Norman,
1896, and Metaschismatinae Kornicker,

1994. Members of the former are wide-

spread, whereas the latter is known from a

single species collected from the SE Aus-

tralian continental slope (Kornicker 1994:

123) (Fig. 1). The juveniles of most species

of the Rutidermatidae are not well known
(Table 1).

Rutidermatinae Brady & Norman, 1896

The Rutidermatinae include 3 genera:

Rutiderma Brady & Norman, 1896, Alter-



VOLUME 115, NUMBER 2 429

Fig. 1. Known world distribution of the Rutidermatidae. Localities from which species of Rutidermatidae

have been reported are stippled.

nochelata Kornicker, 1958, and Scleraner

Kornicker, 1975a.

Rutiderma Brady & Norman, 1896

Type species.—Rutiderma compressa
Brady & Norman, 1896:673.

Distribution.—The genus is widespread

between latitudes of 45°N and 53°S and

depths of intertidal to 317 m (questionably

collected at 1834 m) (Cohen & Kornicker

1987:3).

Composition.—The genus contains about

35 species plus about 11 left in open no-

menclature (Cohen & Kornicker 1987:3;

Kornicker 1994:123; Kornicker & Harri-

son-Nelson 1997:36; Kornicker & Thomas-
sin 1998:73; Kornicker & Iliffe 2000:53).

Rutiderma darbyi Kornicker, 1983

Figs. 2-16

Rutiderma dinochelata.—Darby, 1965:28,

pi. 13: figs. 1-9, pi. 14: figs. 1-7 [not

Rutiderma dinochelata Kornicker, 1958].

Rutiderma darbyi Kornicker.—Bradford,

1980:141, fig. 2 [deliberate nomen nu-

dum].

Rutiderma darbyi Kornicker, 1983:2-7, 1 1-

14, 25, 36-47, 62, 85, figs. 18-24, PI.

1.—Grabe et al. 1995:698, tab. 2.—Kor-
nicker et al. 2002:82-83.

Holotype.—USNM 158003, ovigerous

female on slides and in alcohol.

Type locality.—Georgia continental

shelf, 3r05'N, 80°35'W, water depth 26 m.

Distribution.—"Continental shelf off

North and South Carolina, Georgia, and

Florida (Atlantic and Gulf of Mexico); also

Bahama Islands. Known depth range inter-

tidal to 168 m" (Kornicker 1983:38).

Material.—Instar I, sex unknown:
USNM 194505, 1 specimen; USNM
194512, 1 specimen; USNM 194516, 1

specimen; USNM 194606, 1 specimen. In-

star II, sex unknown: USNM 194506, 1

specimen; USNM 194508, 1 specimen;

USNM 194509, 4 specimens; USNM
194615, 1 molting specimen; USNM
194510, 1 specimen; USNM 194511, 1

specimen. Instar III, female, USNM
194507, 1 specimen; USNM 1945 14A, B,

2 specimens; USNM 1945 15A, B, 2 spec-

imens. Instar III, male: USNM 194614, 1

specimen. Instar IV, female: USNM
194564, 1 specimen. Instar IV, male:

USNM 194562, 1 specimen; USNM
194612, 1 specimen; USNM 1946 13C, 1

specimen. Adult male: USNM 194607, 1

specimen; USNM 194608, 2 specimens;

USNM 194613A, B, 2 specimens. Aduh fe-

male: USNM 194513, 1 specimen; USNM
194563, 1 specimen; USNM 194609, 5

specimens; USNM 194610, 5 specimens.
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Fig. 2. Rutiderma darbyi Kornicker, 1983, instar I, sex unknown, USNM 194505: a, complete specimen

from left side, length 0.517 mm; b, anterior left valve, iv; c, posterior left valve, iv; d, part left 1st antenna, mv;

e, distal left 1st antenna (bristles of 5th and 6th joints not shown), mv; f, distal left 1st antenna, Iv: g. exopodite

and part protopodite left 2nd antenna (endopodite not shown), Iv; h, right 2nd antenna with detail of endopodite

(bristles of exopodial joints 2-6 not shown), mv; i, left and right (striated) furcal lamellae from left side; j,

furcal lamellae from right side (claw 1 of left lamella not shown), k, USNM 194512, proximal part right 2nd

antenna and right lateral eye as seen through right valve, anterior to right. 1, USNM 194606, left lamellae of

furca, Iv. Abbreviations: am, central adductor muscle attachments; av, anterior view; bas, basale; Bo, Bellonci

organ; ex, coxale; end, endopodite; ep, epipodite; ex, exopodite; fu, furca; gird, girdle; im, inner margin of
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Description of instar I (sex unknown)

(Figs. 2, 3).—Carapace ovoid in lateral

view, with prominent caudal process and

small rostrum with tip projecting ventrally

past valve edge (Fig. 2a).

Ornamentation: An indistinct rib form-

ing obtuse angle within posterodorsal part

of each valve (Fig. 2a); anterior margin of

rostrum and anteroventral margin of valve

with weakly scalloped edge; long bristles

along anterior and ventral margins and scat-

tered over valve surface.

Infold: Rostral infold with several bristle

forming row (Fig. 2b); 2 small bristles pre-

sent ventral to inner end of incisur; infold

of caudal process with 4 bristles forming

row (Fig. 2c); inner margin of infold indis-

tinct (pocket with broad flat spines present

on left valve of later stages absent on both

instars I examined).

Selvage: Wide lamellar prolongation pre-

sent along free margins; fringe longest

along rostral and anteroventral margins of

valves (Fig. 2b); prolongation divided at in-

ner end of incisur (Fig. 2b) and possibly at

tip of caudal process (Fig. 2c).

Central adductor muscle attachments

(Fig. 2a): Consisting of about 11 oval scars.

Carapace size (length, height in mm):
USNM 194505, 0.517, 0.353; USNM
194512, 0.530, 0.339; USNM 194516,

0.503, 0.351; USNM 194606, 0.506, 0.355.

Average length 0.514; average height

0.350; N = 4.

First antenna (Fig. 2d-f): 2nd joint with

dorsal spines. 3rd and 4th joints fused; 3rd

joint with 2 bristle (1 ventral, 1 dorsal); 4th

joint with distal spines. 5th and 6th joints

fused; 5th joint with bare sensory bristle;

6th joint with small medial bristle. 7th joint:

a- and b-bristles about same length as bris-

tle of 6th joint; c-bristle long bare. 8th joint:

d- and e-bristles long bare; f-bristle about

% length of c-bristle, bare; g-bristle about

same length as c-bristle, bare.

Second antenna (Fig. 2g, h, k): Proto-

podite bare. Endopodite 1 or 2 jointed (2nd

joint could be interpreted to be process on

1st joint): 1st joint bare; 2nd joint minute,

and with minute terminal process. Exopod-

ite 9-jointed: 1st joint elongate with minute

terminal bristle (Fig. 2h); bristle of 2nd

joint reaching 9th joint, with minute ventral

spines; bristles of joints 3-8 about same

length as bristle of 2nd joint, with minute

ventral spines; 9th joint with 2 small bris-

tles (ventral bristle with short spines (spines

not shown)).

Mandible (Fig. 3c, d): Coxale missing

(lost). Basale: dorsal margin with 3 bristles

distal to midlength; ventral margin with 1

bristle at broken proximal ventral comer
(probably additional bristles that were on

comer missing on limbs), and 1 ventral

bristle near midlength. Exopodite absent.

1st endopodial joint with 1 ventral bristle.

2nd endopodial joint with 1 or 2 dorsal bris-

tles; c-bristle stout, claw-like, unringed,

with proximal dorsal tooth, and serrate dor-

sal margin. 3rd endopodial joint with 1

ringed a-bristle, 1 unringed b-bristle, and 1

stout claw-like c-bristle.

Maxilla (Fig. 3a, b): Endite I with 2 stout

pectinate claw-like bristles and 3 slender

bristles; endites II and III each with 2 stout

pectinate claws and 1 or 2 slender bristles.

Coxale with dorsal bristle. Basale with 2

bristles near distal ventral margin (I medi-

al). Exopodite with 2 bristles. 1st endopo-

dial joint of USNM 194505 with alpha-bris-

tle on right limb and beta-bristle on left

limb. 2nd endopodial joint with stout ter-

infold; iv, inside view; le, lateral eye; 1ft, left; Ip, lamellar prolongation of selvage; Iv, lateral view; me, medial

eye; mv, medial view; nabs, not all bristles shown; ov, outside view; precx, precoxale; prot, protopodite; pv,

posterior view; rt, right; Y-scl, Y-sclerite. In the figures, Arabic numerals indicate limbs 1-7, as well as individual

joints of each limb (the location of the numerals indicating whether a limb or joint is indicated). Roman numerals

I-IV indicate endites. Arrows on illustrations indicate anterior of valve. Rings are not shown in illustrations on

all bristles having them.
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Fig. 3. Rutiderma darbyi Kornicker, 1983, instar I, sex unknown, USNM 194505: a, left maxilla, Iv; b, right

maxilla, mv; c, mandible; d, mandible opposite that shown in c; e, left 5th limb, av; f, right 5th limb, pv; g, 6th

limb, anterior toward left.

minal unringed pectinate claw and 4 bris-

tles.

Fifth limb (Fig. 3e, f): Endite I with 1

ringed bristle and 1 triangular process; en-

dite II with 3 ringed bristles and 1 trian-

gular process; endite III with 4 ringed bris-

tles and 1 triangular process. Main tooth of

1st exopodial joint with 1 bristle and 5

teeth. 2nd exopodial joint with stout tooth.

3rd exopodial joint: inner and outer lobes

each with 2 bristles; fused 4th plus 5th ex-

opodial joints with 2 or 3 bristles. Epipodite

fragmented (16 bristles on attached frag-

ment).
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Sixth limb (Fig. 3g): Slender, flap-like,

with minute terminal node, hirsute.

Seventh limb: Not developed.

Furca (Fig. 2i, j): With 2 stout articulated

claws followed by spines and long hairs.

Bellonci organ: Elongate.

Eyes: Medial eye pigmented (Fig. 2a).

Lateral eye small with 4 ommatidia (Fig.

2k).

Y-sclerite: Obscured.

Description of instar II (sex unknown)

(Figs. 4-6).—Carapace shape and orna-

mentation similar to that of instar I (Fig. 4a,

b), except some with 2 nodes near posterior

end (1 at midheight, other near posterodor-

sal corner) (Fig. 6g).

Infold: Rostral infold with several bris-

tles forming row; anteroventral infold with

several parallel ridges (Fig. 4c). Infold of

caudal process of left valve with serrate

processes along ventral and anterior mar-

gins of pocket (similar to serrations of adult

left valve but some less well developed)

(Fig. 6i).

Selvage: In general, similar to that of in-

star I (Fig. 4b).

Central adductor muscle attachments:

With about 15 ovoid scars (not all shown
in Fig. 4a).

Carapace size (length, height in mm):
USNM 194506, 0.578, 0.430; USNM
194508, 0.655, 0.440. USNM 194509, 4

specimens: 0.629, 0.455; 0.625, 0.442;

0.620, 0.448; 0.646, 0.457. USNM 194615,

0.605, 0.418 (molting); USNM 194510,

0.624, 0.441; USNM 194511, 0.620, 0.433.

Average length 0.622; average height

0.440; N = 9.

First antenna (Fig. 4d, e): 1st joint bare.

2nd joint with 2 bristles, 1 dorsal, 1 lateral.

3rd and 4th joints fused; 3rd joint with 2

bristles (1 ventral, 1 dorsal); 4th joint with

1 dorsal bristle. 5th and 6th joints fused; 5th

joint with long terminal ventral bristle with

small proximal filament (Fig. 4d). 6th joint

with short medial bristle. 7th joint: a-bristle

slightly longer than bristle of 6th joint; b-

bristle about Vi length of a-bristle; c-bristle

about same length as sensory bristle of 5th

joint. 8th joint: d- and e-bristles about same
length as c-bristle, bare with blunt tips, f-

bristle shorter than c-bristle, with short

proximal filament (Fig. 4d); g-bristle as

long as c-bristle, with short proximal fila-

ment (Fig. 4d).

Second antenna (Fig. 4f-h): Protopodite

bare. Endopodite single jointed with short

proximal anterior bristle and triangular ter-

minal process. Exopodite 9-jointed: 1st

joint with minute terminal bristle; bristles

of joints 2-8 short with corn-row ventral

edge and terminal hook; 9th joint with 3

short bristles; joints 2-8 with spines in row
along distal edges (spines not shown in Fig.

4h).

Mandible (Figs. 5a, b, 6h): Coxale endite

bifurcate (not shown). Basale: dorsal mar-

gin with 2 bristles distal to midlength; bris-

tles of ventral margin obscured, only 1

proximal bristle shown. Exopodite absent.

1st endopodial joint triangular with 1 or 2

ventral bristles. 2nd endopodial joint: dorsal

margin with 2 or 3 bristles; ventral margin

with 1 terminal a-bristle, 1 stout claw-like

c-bristle with proximal dorsal teeth and ser-

rate dorsal margin, and stout toothed pro-

cess interpreted to be a d-bristle. 3rd en-

dopodial joint with 2 ringed a-bristles, 1

unringed b-bristle, and stout claw-like c-

bristle with small teeth along ventral mar-

gin.

Maxilla (Fig. 5c-e): Endites I-III with 2

or 3 stout terminal claw-like bristles and 2

or 3 slender terminal bristles (Fig. 5e); en-

dite III also with proximal bristle. Coxale

with short dorsal bristle. Basale with 2 ven-

tral bristles (1 medial, 1 lateral). Exopodite

with 2 bristles. 1st endopodial joint with 1

alpha- and 1 beta-bristle. 2nd endopodial

joint with 2 stout unringed claw-like bris-

tles, and 4 or 5 ringed bristles (1 pectinate).

Fifth limb (Fig. 6a, b): Endites obscured.

Main tooth of 1st exopodial joint with 3

constituent teeth: proximal tooth small,

smooth, triangular; 2nd and 3rd teeth larger

and with marginal teeth; 1 marginal bristle

proximal to proximal tooth and 1 distal to

distal tooth. 2nd exopodial joint comprising
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Fig. 4. Rutiderma darbyi Kornicker, 1983, instar 11, female, USNM 194506: a, complete specimen from left

side (medial eye shown as dashed oval) and left lamella of furca, length 0.578 mm; b, anterior left valve (edge

of valve stippled), ov; c, anteroventral margin left valve, iv; d, left 1st antenna (d- and e-bristles not shown),

mv; e, right 1st antenna, mv; f, protopodite, endopodite, and joint 1 of exopodite left 2nd antenna (sclerotized

parts stippled), mv; g, joints 2 and 3 of exopodite left 2nd antenna, mv; h, exopodite right 2nd antenna, Iv.
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Fig. 5. Rutiderma darbyi Kornicker, 1983, instar II, female, USNM 194506: a, right mandible, Iv; b, left

mandible, mv; c, left maxilla (nabs of endites), Iv; d, right maxilla (exopodite not shown, nabs of endites); e,

endite right maxilla (nabs of endite III), mv.

large flat tooth having 2 lobes forming in-

ner margin (proximal lobe with prongs); 1

stout bristle on inner margin proximal to

proximal lobe; 1 posterior bristle proximal

to proximal lobe. Inner and outer lobes of

3rd exopodial joint each with 2 bristles. 4th

and 5th exopodial joints fused with total of

5 bristles. Epipodite well developed with at

least 25 plumose bristles.

Sixth limb (Fig. 6c, d): Slender, flap-like,

hirsute, with anterior bristle near midheight.

Seventh limb (Fig. 6e): Small, bare.

Furca (Fig. 6f, i): With 3 stout claws fol-

lowed by 2 smaller claws; medial hairs at

bases of claws, and hairs along lamella fol-

lowing claws; claw 1 with 5 rows of long

and short teeth along posterior edge, a few

distal hairs along anterior edge, and row of

long proximal medial hairs; teeth of claws

2 and 3 finer than those of claw 1 ; claws 4

and 5 with slender spine-like teeth.

Bellonci organ (Fig. 6j): Elongate, with

swelling near midlength, and rounded tip.

Eyes (Figs. 4a, 6g, j, k): Medial eye pig-
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Fig. 6. Rudderma darbyi Komicker, 1983, instar II, female, USNM 194506: a, right 5th limb (endites not

shown), pv; b, part left 5th limb as seen through 2nd exopodial joint, pv; c, right and left 6th limbs, anterior

toward left; d, left 6th limb, Iv; e, right 7th limb, Iv; f, furcal lamellae (only claw 1 of right lamella shown).

USNM 194508, g, complete specimen from right side, length 0.655 mm (medial eye dashed); h, part left

mandible (nabs), pv; i, posterior part of body from right side showing outline of 6th limb, right lamella of furca,

right Y-sclerite and girdle, and nematode inside gut; j, medial eye and Bellonci organ (ventral toward bottom);

k, right lateral eye (on left of illustration) and medial eye (stippling indicates black pigment) drawn from right

side in place on specimen (ventral toward bottom); posterior of complete carapace from left side showing

serrations on infold of left valve.
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merited black; edges indistinct (no marginal

filaments observed). Lateral eye indistinct,

smaller than medial eye, with about 6 mi-

nute ommatidia.

Y-sclerite (Fig. 6i): With ventral branch.

Gut content (Fig. 6i): USNM 194508

with free-living nematode in gut.

Description of instar IIIfemale (Figs. 7—

9).—Carapace similar in shape to that of

instar II (Fig. 7a).

Ornamentation (Fig. 7a): Similar to that

of instar II but with lateral ridges better de-

veloped.

Infold: Rostral infold with 4 bristles

forming row (3 shown) and 2 smaller bris-

tles at inner end of incisur and 1 ventral to

incisur (Fig. 7b). Anteroventral infold with

about four ridges paralleling valve margin

(Fig. 7c). Infold of caudal process forming

pocket: right valve with 6 small bristles

along anterior edge of pocket (Fig. 7d); left

valve with serrations along ventral and an-

terior edges of pocket (Fig. 7e).

Selvage: Broad lamellar prolongation di-

vided at inner end of incisur. Outer edge of

prolongation along anterior and ventral

margins of valves with long hairs along out-

er edge (Fig. 7d, e).

Central adductor muscle attachments

(Fig. 7a, f): With about 19 ovoid scars (Fig.

If).

Carapace size (length, height in mm):
USNM 194507, 0.770, 0.532. USNM
194514A, B, 2 specimens: A, 0.691, 0.496;

B, 0.738, 0.532. USNM 194515A, B, 2

specimens: A, 0.726, 0.533; B, 0.730,

0.524. Average length 0.731; average

height 0.523; N = 5.

First antenna (Fig. 7g, h): 1st joint bare.

2nd joint with distal row of spines and 2

bristles (1 dorsal, 1 lateral). Joints 3 and 4

fused; 3rd joint with 3 bristles (1 ventral, 2

dorsal); 4th joint with 2 bristles (1 ventral,

1 dorsal). 5th joint with long terminal ven-

tral bristle with small distal filament. 6th

joint with short medial bristle. 7th joint: a-

bristle slightly longer than bristle of 6th

joint; b-bristle about same length as a-bris-

tle, with small indistinct filament; c-bristle

about same length as sensory bristle of 5th

joint, with small distal filament. 8th joint:

d- and e-bristles about same length as c-

bristle, bare with blunt tips; f-bristle about

% length of c-bristle, with 2 small marginal

filaments (filaments not shown); g-bristle

same length as c-bristle, with 3 minute fil-

aments. Terminal papilla on b-, c-, f- and

g-bristles.

Second antenna (Fig. 7i): Protopodite

bare. Endopodite single jointed with 2 short

anterior bristles and triangular terminal pro-

cess. Exopodite 9-jointed: 1st joint with mi-

nute terminal medial bristle; bristles of

joints 2—8 each with corn-row ventral edge

and terminal hook; 9th joint with 4 short

bristles; joints 4-8 with indistinct spines in

row along distal edges.

Mandible (Fig. 8a-d): Coxale endite bi-

furcate (not shown). Basale: dorsal margin

with 3 bristles forming 2 groups (1 bristle

in proximal group, 2 in distal group); ven-

tral margin with 4 proximal bristles (2 pec-

tinate) and 3 slender bristles near midlength

(medial bristle minute). Exopodite absent.

1st endopodial joint triangular with medial

spines and 2 ventral bristles. 2nd endopo-

dial joint with proximal medial spines; dor-

sal margin with 2 or 3 bristles; ventral mar-

gin with 2 terminal a-bristles, b-bristle in

form of small process with terminal spine,

1 stout claw-like c-bristle (with serrate dor-

sal margin, slender triangular tip, and small

proximal dorsal tooth), and 1 d-bristle with

long distal hairs (a 2nd small indistinct d-

bristle may be present, but could not be re-

solved with certainty). 3rd endopodial joint

with 3 ringed a-bristles, 1 unringed b-bris-

tle, and stout claw-like c-bristle with teeth

along ventral margin.

Maxilla (Fig. 8e, f): Endites I to III with

few stout pectinate claws and ringed bristles

(not all bristles shown (nabs)). Usual dorsal

bristle of coxale not observed (possibly

broken off). Basale with 2 terminal bristles

(1 ventral, 1 dorsal). Exopodite with 2 bris-

tles. 1st endopodial joint with 1 alpha- and

1 or no beta-bristle. 2nd endopodial joint
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Fig. 7. Rutiderma darbyi Kornicker, 1983, instar III, female, USNM 194507: a, complete carapace from

right side (medial eye dashed), length 0.770 mm; b, anterior right valve, iv; c, anteroventral margin right valve

(marginal bristles not shown), iv; d, caudal process right valve, iv; e, caudal process left valve, iv; f, muscle

attachment scars left valve, anterior toward left, ov; g, right 1st antenna, Iv; h, tip left 1st antenna (nabs), mv;

i, right 2nd antenna, mv.
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Fig. 8. Rutiderma darbyi Komicker, 1983, instar III, female, USNM 194507: a, b, parts left mandible, Iv;

c, d, parts right mandible, mv; e, left maxilla, mv; f, part right maxilla, mv; g, right 6th limb, Iv; h, part left

6th limb, mv.

with 2 stout unringed pectinate claws and 4

or 5 ringed bristles (1 pectinate).

Fifth limb (Fig. 9a—d): Endite I with 2

bristles; endite II with 4 bristles; endite III

with 6 bristles. Main tooth of 1st exopodial

joint with 4 constituent teeth: proximal

tooth small smooth triangular, 2nd tooth

small bifurcate, 3rd and 4th teeth larger and

with marginal teeth; 1 bristle proximal to

proximal tooth and 1 bristle distal to distal

tooth. 2nd exopodial joint comprising large

flat tooth having 3 lobes along inner margin



440 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Fig. 9. Rutiderma darbyi Kornicker, 1983, instar III, female, USNM 194507: a, right 5th limb, pv; b, 1st

exopodial joint right 5th limb as seen through 2nd exopodial joint, pv; c, part left 5th limb, pv; d, 1st exopodial

joint left 5th limb as seen through 2nd exopodial joint, pv; e, 7th limb; f, right lamella of furca, Iv; g, lateral

eye; h, posterior view of posterior of body flattened under cover slip, ventral end toward left.

(proximal lobe bare or with small prong,

middle lobe with prongs, distal lobe bare);

2 small posterior bristles near inner lobe.

Inner lobe of 3rd exopodial joint with 2

bristles, outer lobe with 2 or 3. 4th plus 5th

exopodial joints fused, with total of 4 or 5

bristles. Epipodite well developed with 31

plumose bristles.

Sixth limb (Fig. 8g, h): With small epi-

podial bristle with short spines (spines not

shown). Endite I with bare bristle; endites

II and III each with 2 bristles, mostly bare;

endite IV with 3 bristles with short spines.

End joint with 5 bristles (anterior bristle

with short spines, 2nd bristle with long

proximal and short distal spines, remaining

bristles plumose). Few long hairs present

along ventral and posterior edges of end

joint.

Seventh limb (Fig. 9e): Elongate, bare or

with minute tooth near tip.

Furca (Fig. 9f): Each lamella with 4

stout claws followed by 2 smaller claws;

ventral margin of lamella following claws

with long hairs; right lamella with rows of

medial hairs just within anterior margin
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(hairs not shown) and with hairs along an-

terior margin, left lamella with fewer ante-

rior hairs; right lamella anterior to left by

width of base of claw 1 ; claw 1 with 5 or

6 medial and lateral rows of teeth just with-

in posterior edge (some teeth in lateral row

stouter than those in medial row), and with

distal hairs along anterior edge; claw 2 with

medial and lateral rows of teeth near pos-

terior margin (teeth smaller than those of

claw 1), and with hairs along anterior mar-

gin (hairs not shown).

Bellonci organ: Not observed (probably

obscured or broken off).

Eyes: Medial eye with black pigment (no

dorsal filaments observed) (Fig. 7a). Lateral

eye unpigmented, with 4 ommatidia and

several round cells (Fig. 9g).

Posterior of body (Fig. 9h): Y-sclerite

and girdle well developed.

Gut content: Unrecognized particles.

Description of instar III male (Figs. 10,

11).—Carapace similar in shape, ornamen-

tation, and central adductor muscle attach-

ments to that of instar III female (Fig. 10a).

Infold: Rostral infold with 5 bristles

forming row, 1 small bristle at inner end of

incisur, and 1 ventral to incisur (Fig. 10b).

Infold of caudal process pocket: right valve

with 4 small bristles along anterior edge of

pocket (Fig. lOd); left valve with 5 small

bristles and serrations along anterior edge

of pocket, and serrations also along ventral

edge (Fig. 10c).

Carapace size (length, height in mm):
USNM 194614, 0.785, 0.542.

First antenna (Fig. lOe): 1st joint bare.

2nd joint with distal lateral row of spines,

proximal dorsal spines, and 2 bristles (1

dorsal, 1 lateral). 3rd and 4th joints similar

to those of instar III female. 5th joint with

long terminal ventral bristle with fairly long

proximal filament and 2 minute distal fila-

ments. 6th joint with short medial bristle.

7th joint: a-bristle slightly longer than bris-

tle of 6th joint; b-bristle slightly smaller

than bristle of 6th joint, with minute fila-

ment at midlength; c-bristle about same
length as sensory bristle of 5th joint, with

fairly long proximal filament and 2 minute

distal filaments. 8th joint: d- and e-bristles

about same length as c-bristle, bare with

blunt tips; f-bristle about % length of c-bris-

tle, with 2 fairly long proximal filaments

and 1 minute subterminal filament; g-bristle

with fairly long proximal filament and 2 mi-

nute distal filaments; b-, c-, f-, and g-bris-

tles with terminal papilla.

Second antenna: Protopodite and exo-

podite similar to those of instar III female.

Endopodite 2-jointed (Fig. lOf): 1st joint

with 2 short anterior bristles; 2nd joint elon-

gate, with short ventral bristle at midlength,

a minute subterminal dorsal bristle (not ob-

served on right limb), and short terminal

process with minute spine at tip.

Mandible (Fig. lOg-i): Coxale endite bi-

furcate, with minute teeth (Fig. lOg), and

long spines near base. Basale: dorsal mar-

gin with 3 bristles forming 2 groups (1 bris-

tle in proximal group, 2 in distal group);

ventral margin with proximal bristles (some

missing) and bristle near midlength. Exo-

podite absent. 1st endopodial joint triangu-

lar, with medial spines and 2 ventral bris-

tles. 2nd endopodial joint: with proximal

medial spines; dorsal margin with 3 bris-

tles; ventral margin with 2 a-bristles, b-bris-

tle in form of small process with terminal

spine, 1 stout claw-like c-bristle (with ser-

rate dorsal margin, slender triangular tip,

and small proximal tooth), and 1 d-bristle

with distal hairs. 3rd endopodial joint sim-

ilar to that of instar III female.

Maxilla: Endites I to III with 2 or 3 stout

pectinate claws and bristles (Fig. 11a, b).

Coxale with dorsal bristle. Basale with 2

terminal bristles ( 1 medial near ventral mar-

gin (bristle shown on 1st endopodial joint

in Fig. lib), 1 dorsal). Exopodite with 2

bristles (not shown). 1st endopodial joint

with 1 alpha-bristle, but no beta-bristle. 2nd

endopodial joint with 2 stout unringed pec-

tinate claws and 4 or 5 ringed bristles (Fig.

lib).

Fifth limb (Fig. llc-e): Endite I with 3

bristles, endite II with 5 bristles, endite III

with 6 or 7 bristles (Fig. lie). Exopodial
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Fig. 10. Rutiderma darbyi Kornicker, 1983, instar III, male, USNM 194614; a, complete specimen from

right side (lateral eye small dashed circle to left of elongate medial eye, both stippled), length 0.785 mm; b,

anterior left valve, iv; c, d, caudal processes of left and right valves, respectively, iv; e, distal right 1st antenna,

mv; f, protopodite and endopodite left 2nd antenna, mv; g, coxale endite right mandible, mv; h, part right

mandible, Iv; i, part left mandible, Iv.

joints 1 and 2 similar to those of instar III

female. Inner lobe of 3rd exopodial joint

with 3 bristles, outer lobe with 2. 4th plus

5th exopodial joints fused, with total of 4

bristles. Epipodite with about 24 bristles.

Sixth limb (Fig. \\f)\ With single epipo-

dial bristle. Endite I with bare bristle; en-

dites II and III each with 2 bristles with

short spines; endite IV with 3 bristles

(shortest with distinct spines, others with

indistinct spines. End joint with 4 bristles

(anterior bristle with short spines, 2nd bris-
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Fig. 11. Rutiderma darbyi Komicker, 1983, instar III, male, USNM 194614: a, endites right maxilla, mv; b,

left maxilla (nabs of endites), mv; c, endites left 5th limb, av; d, right 5th limb (nabs), av; e, 2nd exopodial

joint right 5th limb, av; f, 6th limb; g, 7th limb; h, right lateral eye, medial eye and Bellonci organ, anterior to

left; i, posterior of body from right side; j, Y-sclerite.

tie with long proximal and short distal

spines, remaining bristles plumose).

Seventh limb (Fig. llg): Elongate with

rounded bare tip.

Furca (Fig. Hi): Similar to that of instar

III female.

Bellonci organ (Fig. llh): Elongate with

rounded tapering tip.

Eyes: Medial eye with black pigment and

indistinct dorsal filaments (Fig. 10a). Lat-

eral eye unpigmented with 8 or more indis-

tinct cells (Fig. 1 Ih).

Posterior of body (Fig. Hi): Y-sclerite

(Fig. 1 Ij) and girdle well developed.

Gut content: Unrecognized particles.

Description of instar IVfemale (Figs. 12,

13).—Carapace not examined in detail (Fig.

12a).
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Fig. 12. Rutiderma darbyi Kornicker, 1983, instar IV, female, USNM 194564: a, outline of complete spec-

imen from right side, length 0.92 mm; b, c, right 1st antenna, mv; d, endopodite right 2nd antenna, mv; e,

exopodite left 2nd antenna, Iv; f, left mandible, mv; g, distal right mandible, Iv.

Carapace size (length, height in mm):
USNM 194564, 0.92, 0.64.

First antenna (Fig. 12b, c): 1st, 2nd, 3rd,

5th, and 6th joints similar to those of instar

III. 4th joint with 3 bristles (2 ventral, 1

dorsal). 7th joint: a-bristle with marginal

spines (spines not shown); b-bristle with

small indistinct filament (filament not

shown); c-bristle with small marginal fila-

ment. 8th joint: d- and e-bristles bare with

blunt tips; f-bristle without marginal fila-

ments; g-bristle with stout proximal fila-

ment and 2 minute distal filaments (distal

filaments not shown). Terminal papilla on

b-, C-, f-, and g-bristles.

Second antenna (Fig. 12d, e): Protopod-

ite bare. Endopodite single jointed with 3

short anterior bristles. Bristles of exopodial

joints 2-8 with closely spaced pointed teeth

along ventral edges; 9th joint with 5 bristles

(3 ventral bristles with pointed teeth along

ventral edge (teeth not shown on smallest

of ventral bristles), 2 small dorsal bristles

bare); joints 2-8 with indistinct spines in
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row along distal edges (spines shown only

on joint 2).

Mandible (Fig. 12f, g): Coxale endite bi-

furcate. Basale: dorsal margin with 3 bris-

tles forming 2 groups (1 bristle in proximal

group, 2 in distal group); ventral margin

with 4 proximal bristles (2 pectinate) and 2

slender bristles near midlength. Exopodite

absent. 1st endopodial joint triangular with

medial spines and 2 ventral bristles. 2nd en-

dopodial joint with proximal medial spines;

dorsal margin with 3 bristles; ventral mar-

gin with 2 terminal a-bristles; b-bristle in

form of small process with terminal spine;

stout claw-like c-bristle (with serrate dorsal

margin, slender triangular slightly upturned

tip, and small proximal dorsal tooth), and 2

d-bristles. 3rd endopodial joint with 3

ringed a-bristles, unringed b-bristle, and

stout claw-like c-bristle with teeth along

ventral margin (teeth not shown).

Maxilla (Fig. 13a, b): Endites I to III

with few stout pectinate claws and bristles.

Coxale with dorsal bristle. 2nd endopodial

joint with 2 stout pectinate claws and sev-

eral bristles. (Illustrated maxilla fragmented

and not all bristles shown.)

Fifth limb (Fig. 13c-e): Endite I with 2

bristles; endite II with 4 bristles; endite III

with 6 bristles. Main tooth of 1st exopodial

joint with 4 constituent teeth (Fig. 13d):

proximal tooth with marginal teeth, 2nd

tooth with low node, 3rd tooth larger and

with marginal nodes; 4th tooth large and

with marginal nodes and teeth; 1 bristle

proximal to proximal tooth and 1 distal to

distal tooth. 2nd exopodial joint comprising

large flat tooth having 3 lobes along inner

margin (proximal lobe small bifurcate, mid-

dle lobe with prongs, distal lobe bare) (Fig.

13c); 2 small posterior bristles near inner

lobe. Inner lobe of 3rd exopodial joint with

3 bristles, outer lobe with 2 (Fig. 13e); 4th

plus 5th exopodial joints fused with total of

4 bristles. Epipodite well developed.

Sixth limb (Fig. 13f): With 2 small epi-

podial bristles. Endite I with 3 bristles; en-

dites II and III each with 2 bristles; endite

IV with 2 or 3 bristles. End joint with 6

bristles (2 anterior bristles slender with

short spines and on a low protuberance, 2

following bristles plumose except with

small spines near tip; last 2 bristles stout,

plumose).

Seventh limb (Fig. 13g): Elongate with 8

tapered bristles: 4 proximal, 2 on each side

(each with spines and 2 bells); 4 distal, 2

on each side (each with 3 or 4 bells). Tip

with 2 opposing combs, each with 2 or 3

small teeth.

Furca (Fig. 13i, j): Each lamella with 4

stout claws followed by 2 smaller claws.

Bellonci organ: Elongate, widening near

middle, then tapering to rounded tip.

Eyes: Medial eye with black pigment and

several dorsal filaments. Lateral eye minute.

Posterior of body: Y-Sclerite and girdle

well developed.

Genitalia: None visible.

Gut content: Unrecognized particles.

Description of instar IV male (Figs. 14,

15). —Carapace similar in shape and or-

namentation to that of instar IV female

(Fig. 14a).

Carapace size (length, height in mm):
USNM 194562, 1.00, 0.70; USNM 194612,

1.03, 0.67; USNM 194613C, 1.00, 0.66.

Average length 1.01; average height 0.68;

N = 3.

First antenna (Fig. 14b): Joints 1-4 sim-

ilar to those of instar IV female. Sensory

bristle of 5th joint with 4 small proximal

filaments (only 3 shown), 1 minute distal

filament, and terminal papilla. Medial bris-

tle of 6th joint with short marginal spines

(spines not shown). 7th joint: a-bristle with

short marginal spines (spines not shown);

b-bristle with 2 minute filaments (filaments

not shown); c-bristle with 5 small proximal

filaments (only 1 shown) and 1 minute dis-

tal filament. 8th joint: d- and e-bristles bare

with blunt tips; f-bristle with 3 small prox-

imal filaments (filaments not shown) and 1

minute subterminal filament; g-bristle with

1 fairly long proximal filament and 1 mi-

nute distal filament. Terminal papilla on b-,

C-, f-, g-bristles.

Second antenna (Fig. 14c-e): Protopod-
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Fig. 13. Rutiderma darbyi Kornicker, 1983, instar IV, female, USNM 194564: a, b, parts maxilla; c-e, parts

left 5th limb, av; f, right 6th limb, mv; g, 7th limb; h, tip of 7th limb opposite limb shown in g; i, left furcal

lamella, Iv; j, proximal part of claw 1 left furcal lamella, mv.

ite bare. Endopodite 3-jointed (Fig. 14c, e):

1st joint with 3 small bristles; 2nd joint

elongate with 1 or 2 small distal bristles;

3rd joint elongate with 1 or 2 small terminal

bristles. Exopodite (Fig. 14d): similar to

that of instar IV female (minute terminal

bristle of 1st joint and ventral teeth of bris-

tles of joints 2-9 not shown); 9th joint with

5 small bristles: smallest bristle not shown;

2 ventral bristles with pointed teeth along

ventral edge (not shown), others bare.

Mandible (Fig. 14f, g): Coxale endite

fragmented. Basale: dorsal margin with 3

bristles forming 2 groups (1 bristle in prox-

imal group, 2 in distal group, not all bristles

shown); ventral margin with 4 proximal

bristles (only 1 shown) and 2 short slender

bristles near midlength. Exopodite absent.
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Fig. 14. Rutiderma darbyi Komicker, 1983, instar IV, male, USNM 194562: a, complete specimen from left

side, length 1.00 mm; b, left 1st antenna, mv; c, protopodite and endopodite left 2nd antenna, mv; d, right lateral

eye (dotted circles represent cells) and right 2nd antenna (endopodite not shown), mv; e, endopodite right 2nd

antenna, mv; f, left mandible, mv; g, part right mandible, mv.

1st endopodial joint with medial spines and

2 ventral bristles. 2nd endopodial joint with

medial spines; dorsal margin with 3 bris-

tles; ventral margin with 1 small a-bristle (a

second bristle may be broken off); b-bristle

in form of small process with terminal

spine; stout claw-like c-bristle (with serrate

dorsal margin, slender triangular slightly

upturned tip, and small proximal dorsal

tooth), and 2 d-bristles. 3rd endopodial joint

with 3 ringed a-bristles, unringed b-bristle

with teeth along ventral margin (teeth not

shown), and stout claw-like c-bristle with

teeth along ventral margin (teeth not

shown).

Maxilla (Fig. 15a, b (nabs)): Endites I to

ni with few stout pectinate claws and bris-

tles. Coxale with dorsal bristle. Basale with

2 bristles (1 ventral, 1 dorsal). Exopodite

with 2 bristles. 1st endopodial joint with 1

alpha- and 1 beta-bristle (alpha-bristle miss-

ing on illustrated limb). 2nd endopodial joint

with 2 stout pectinate claws (1 claw missing

on illustration) and several slender bristles.
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Fig. 15. Rutiderma darbyi Kornicker, 1983, instar IV, male, USNM 194562: a, part right maxilla, Iv; b, part

left maxilla, pv; c, right 5th limb, pv; d, 1st exopodial joint right 5th limb viewed through 2nd exopodial joint

shown in c, pv; e, distal left 5th limb (twisted), pv.

Fifth limb (Fig. 15c-e): Endite I with 1

bristle; endite II with 4 bristles; endite III

with about 5 bristles. Main tooth of 1st ex-

opodial joint with 4 constituent teeth (Fig.

16d): proximal tooth small triangular, 2nd

and 3rd teeth larger, bifurcate; 4th tooth

much larger and with marginal teeth; 1 bris-

tle proximal to proximal tooth (not shown)

and 1 distal to distal tooth. 2nd exopodial

joint comprising large flat tooth with 3

lobes along inner margin (Fig. 15c, e):

proximal and middle lobes with small

prongs; 2 posterior bristles present near in-

ner lobe, and 1 small posterior bristle at

outer edge of joint. Inner lobe of 3rd exo-

podial joint with 3 bristles (only 2 shown

on illustrated left limb), outer lobe with 2.

4th plus 5th exopodial joints fused with to-

tal of 4 bristles. Epipodite well developed.

Sixth limb (Fig. 16a): With 2 epipodial

bristles. Endite I with 3 bristles; endites II

and III each with 2 bristles; endite IV with
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Fig. 16. Rutiderma darbyi Kornicker, 1983, instar IV, male, USNM 194562: a, left 6th limb, Iv; b, 7th limb;

c, 7th limb opposite that shown in b; d, left furcal lamella, Iv; e, medial eye and Bellonci organ; f, posterior of

body from left side.

3 bristles. End joint with 6 bristles (2 an-

terior bristles slender with short spines and

on a low protuberance, 4 posterior bristles

with long hairs (anterior bristle of 4 with

short distal spines).

Seventh limb (Fig. 16b, c): Elongate with

6 to 8 tapered bristles: 3 or 4 proximal, 1

or 2 on each side (each with spines and 2

bells); 3 or 4 distal, 1 or 2 on each side

(each with spines and 3 or 4 bells). Tip with

2 opposing combs, each with 3 small teeth

(only 2 shown).

Furca (Fig. 16d): Similar to that of instar

IV female.

Bellonci organ (Fig. 16e): Similar to that

of instar IV female, except tip more ta-

pered.

Eyes: Medial eye pigmented, somewhat

fragmented, filaments not observed (Fig.

16e). Lateral eye with many indistinct cells,

larger than eye of instar IV female (Fig.

14d).

Posterior of body (Fig. 16f): With pos-

terior hairs and well developed Y-Sclerite

and girdle.

Genitalia: None visible.

Gut content: Unrecognized particles.

Supplementary description of adult fe-

male.—Similar in shape and ornamentation

to that of instar IV female.
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Table 2.—Average shell dimension (mm) and calculated growth factors for measured specimens of Rutiderma

darbyi Komicker, 1983 from Port Everglades. (Average dimensions of juveniles include both males and females;

developmental stage determined from morphology of appendages; f = adult female, m = adult male.)

Growth stage

Average
length

Growth
factor

Average
height

Growth
factor

Number of
specimens

I 0.514 1.21 0.350 1.26 4

II 0.622 1.19 0.440 1.20 9

III 0.740 1.33 0.527 1.27 5

IV 0.987 1.09 f

1.14 m
0.667 1.13 f

1.01 m
4

Adult female 1.078 0.757 12

Adult male 1.124 0.672 5

Carapace size (length, height in mm):
USNM 194513, 1.17, 0.80; USNM 194563,

1.06, 0.74 (diameter on only egg in mar-

supium 0.20 mm). USNM 194609, 5 spec-

imens: 1.08, 0.76; 1.05, 0.76; 1.09, 0.75;

1.06, 0.78; 1.12, 0.73. USNM 194610, 5

specimens: 1.05, 0.75; 1.12, 0.78; 1.06,

0.77; 1.01, 0.73; 1.08, 0.76. Average length

1.078; average height 0.757; N = 12.

Supplementary description of adult

male.—Carapace more elongate than that of

adult female and with ventral margin of ros-

trum forming almost right angle with an-

terior edge of carapace ventral to rostrum.

Carapace size (length, height in mm):
USNM 194607, 1.10, 0.63. USNM 194608,

2 specimens: 1.11, 0.67; 1.11, 0.67. USNM
194613A, b, 2 specimens: 1.16, 0.69; 1.14,

0.70. Average length 1.124; average height

0.672; N = 5.

Summary of Morphological Development

during the Ontogeny of Rutiderma darbyi

Kornicker, 1983 (Data on adults from

Komicker (1983:36))

Carapace: The shape of the carapace of

instar I differs from those of later stages in

having a less produced caudal process.

Ornamentation: Carapace ribs are poorly

defined in instar I; they gradually increase

in definition in later stages. Scalloped ridg-

es are present along the anterior margin of

the rostrum and anteroventral margin of

each valve in instar I as well as in later

stages; also present in all stages are long

bristles along the anterior and ventral mar-

gins of valves and scattered over each valve

surface.

Infold: The inner margin of the infold is

present in instar I, but weakly developed.

The anteroventral infold bears striations in

instar I as well as in later stages. The num-

ber of bristles on the anterior infold dorsal

to the incisur increases from about 3 in in-

star I (Fig. 2b) to 7 or 8 in adults. The num-

ber of bristles on the anteroventral infold

ventral to the incisur increases from 1 in

instar I to 3 or 4 bristles in adults. Two
small bristles are present at the inner end of

the incisur in all stages (not shown in Fig.

2b of instar I). The pocket of the infold of

the caudal process of the left valve is with-

out broad flat spines in instar I, but they are

present in later stages.

Selvage: The selvage bears a lamellar

prolongation with marginal fringe in all

stages. The prolongation is divided at the

inner end of incisur.

Central adductor muscle attachments:

Because some attachments may be ob-

scured, the number given in the descriptions

and here must be considered approximate:

instar I has 11, instar II has 15, instar III

has 12, and the adult has 13-15.

Carapace size: Average lengths and

heights of instars and adults as well as

growth factors of specimens from Port Ev-

erglades are presented in Table 2, and a car-

apace length-height graph is presented in

Fig. 17.
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Fig. 17. Rutiderma darbyi, carapace length-height graph of instars I-IV and adults. (Measured specimens

include those presented in Kornicker (1983:41:45) as well as herein; developmental stage and sex of each

specimen determined from morphology of appendages.)

First antenna (Table 3): The 3rd and 4th

joints of all instars and the adult female are

fused, whereas, they are divided by a dis-

tinct suture in the adult male. (In myodo-
copids the 3rd and 4th joints, if fused, are

identified by the distribution of bristles on

the fused joints, and the 1st antennae of all

Myodocopina are interpreted to have 8

joints (see Poulsen (1965:9, 48).) The 5th

joint is well developed in all instars and in

the adult female, but is small and wedged
ventrally between the 4th and 6th joints in

the adult male. The 6th joint is minute and

fused to the 5th joint in all instars and the

adult female, but is well developed in the

adult male. The a-bristle of the 7th joint and

the d- and e-bristles of the 8th joint are

without filaments in all stages. The b- and

c-bristles of the 7th joint are without fila-

ments in instars I and II, but bear filaments

in later instars. The f- and g-bristles bear

filaments in instar II and later stages. The
filaments on the sensory bristle of the 5th

joint, the c-bristle of the 7th joint, and the

f-bristle of the 8th joint of the adult male

are more numerous than in instars of both

sexes and the adult female.

The total number of bristles on the 1st

antenna increases in each stage, but the fol-

lowing characters remain the same for all

stages: 1, absence of bristles on the 1st

joint; 2, presence of 1 ventral bristle on the

3rd joint; 3, presence of 1 ventral bristle on

the 5th joint; 4, presence of 1 lateral bristle

on the 6th joint; 5, presence of 3 bristles on

the 7th joint; and 6, presence of 4 bristles

on the 8th joint.

The number of bristles on the 2nd, 3rd,

and 4th joints increases during ontogeny.

Second joint: the number of bristles in-

creases on instar II and remains the same

in later stages (1 dorsal bristle near mid-

length and 1 lateral distal bristle is added

on instar II, which was bare on instar I).

Third joint: the number of bristles increases

on instar III and remains the same in later
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Table 3.—Summary of selected morphometries of appendages of growth stages of Rutiderma darbyi Kor-

nicker, 1983. (A = absent, b = bifurcate, B = bristle, brist. = bristles, C = claw, D = dorsal, f = female, fil.

= filaments, 1 = limb long, L = lateral, m = male, M = medial, na = not applicable, P = present, s = limb

short, S = small, T = tooth, TP = triangular process, V = ventral, * = sex uncertain, ? = number of bristles

doubtful, + = more than number of bristles listed. Data on adults from Komicker (1983).)

I n ra rv Adult
Character sex* sex* f(m) f (m) f(m)

First antenna (brist.)

1st joint 0(0) 0(0) 0(0)

2nd joint ID, IL ID, IL ID, IL ID, IL

(ID, IL) (ID, IL) (ID, IL)

3rd joint IV, ID IV, ID IV, 2D IV, 2D IV, 2D
(IV, 2D) (IV, 2D) (IV, 2D)

4th joint ID IV, ID 2V, ID 2V, ID
(IV, ID) (2V, ID) (3V, ID)

5th joint IV IV IV (IV) IV (IV) IV (IV^)

No. fil. on V brist. 1 1 (3) 1 (5) 1 (26)

6th joint IM IM IM (IM) IM (IM) IM (IM)

7th joint 3 3 3(3) 3(3) 3(3)

No fil.

b-bristle xO 1 (1) 1 (2) 0(2)

c-bristle 1 (2) 1 (6) 0(14)

8th joint 4 4 4(4) 4(4) 4(4)

No. fil.

f-bristle 1 2(3) 0(4) 0(14)

g-bristle 1 3(3) 3(2) 1 (1)

Total fil. 3 8(12) 8(12) 2(57)

Total brist. 11 14 16 (16) 17 (17) 17(18)

Second antenna

Endopodite

No. of joints 1-2 1 1 (2) 1 (3) 1 (3)

No. of brist.

1st joint 1 2(2) 3 (3) 4(4)

2nd joint na na (1-2) na (1-2) na(2)

3rd joint na na na (na) na(l) na(3)

Exopodite

9th joint (brist.) 2 3 4(4) 5(5) 6(5)

Natatory hairs on brist. A A A (A) A (A) P(P)

Total brist. on exopodite*" 9 11 (11) 12 (12) 13 (12)

Total brist. on limb 9 11 13 (15) 15(17) 17(21)

Mandible

Coxale endite ? P P(P) P(P) P(PS)
Basale (brist.) ?D, IV 2D, ?V 3D, 4V 3D, 6V 3D, 7V

(3D, ?V) (3D, 6V) (3D, 6V)

Exopodite A A A (A) A (A) A(P)

Endopodite (brist.)

1st joint IV 1-2V 2V (2V) 2V (2V) 2V (2V)

2nd joint

Dorsal 2 2-3 2(3) 3(3) 3(3)

a-bristle 1 2(2) 2(2?) 2(2)

b-bristle 1 (1) 1 (1) 1 (1)
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Table 3.—Continued.

I

sex*
II

sex*
UI

f (m)
IV

f (m)
Adult
f (m)

c-bristle 1 1 1 (1)

d-bristle 1 2(1)

3rd joint

a-bristle 1 2 3 (3)

b-bristle 1 1 1 (1)

c-bristle 1 1 1 (1)

Total brist.'= (estimated'') 10 17 23 (23)

Maxilla (C & brist.)

Endites

I 2C, 3B 3C, 2B ? (?)

n 2C, 1-2B 2C, 2B ? (?)

Ill 2C, 1-2B 2C, 2B ? (?)

Coxale IDB IDE (IDB)

Basale 2B 2B 2B (2B)

Exopodite • 2B 2B 2B (2B)

Endopodite

1st joint

alpha-brist. 1

beta-brist. 1

Adjacent brist.

2nd joint IC, 4B

Total claws and brist. 24

(estimated'')

Fifth limb

Endites

I

II

in

IB, ITP ?

3B, ITP ?

4B, ITP ?

1 (1)

2(2)

3 (3)

1 (1)

1 (1)

26 (26)

?(?)

?(?),

?(?)

IDB (IDB)

? (2B)

? (2B)

2B (3B) 2B (IB)

4B (5B) 4B (4B)

6B (6-7B) 6B (5B)

1 (1)

2(2)

3(4)

1 (1)

1 (1)

27 (27)

2C, 2B (?B)

2C, 3B (?B)

3C, 3B (?B)

IDB (IDB)

3B (2B)

2B (2B)

1 1 (1) ?(1) 1 (1)

1 1 (0) ?(1) 1 (1)

0(0) 0(1) 1 (?1)

2C, 4-5B 2C, 4-5B 2C, ?B 2C, 5B
(2C, 4-5B) (2C, ?B) (2C, 5-6B)

26 28 (29) 29 (29) 31 (31)

3B (3B)

4B (4B)

6B (6B)

Exopodites

1 St joint

Main tooth

2nd joint

5T, IB

IT

3rd joint (brist.)

Inner lobe 2

Outer lobe 2

4th + 5th joints (brist.) 2-3

Epipodite (brist.) 16-^

Total brist. triangular pro-

cesses, and teeth (estimated'') 40

Sixth limb (brist.)

Endites

I

3T, 2B 4T, 2B 4T, 2B 4T, 2B
(4T, 2B) (4R, 2B) (OT, 4B)

IT, IB IT, 2B IT, 2B IT, 3B
(IT, 2B) (IT, 3B) (OT, 5B)

2 2(3) 3(3) 2(3)

2 2-3 (2) 2(2) 2(2)

5 4(4) 4(4) 4(4)

25 31 (24) ?(?) 35 (37)

47 57 (53)

1 (1)

54 (53)

3 (3)

62 (61)

3(3)
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Table 3.—Continued.

Character
I

sex*
II

sex*
in

f (m)
IV

f (m)
Adult
f (m)

II

III

IV

2(2)

2(2)

3(3)

2(2)

2(2)
2-3 (3)

2(2)

3(3)

3(3)

End joint

Epipodite

Total brist. 1

5(4)

1 (1)

14(13)

6(6)

2(2)

18 (18)

7(7)

2(2)

20 (20)

Seventh limb

Length na^ s 1 (1) 1 (1) 1(1)

Proximal brist. na 0(0) 4(3^) 3(3)

Bells per brist. na na na (na) 2(2) 3(2)

Terminal brist. na 0(0) 4(3^) 6(4)

Bells per brist. na na na (na) 3-4 (3-A) 2^(4)

Teeth

Total bristles and teeth

na

na

0-1 (0)

0(0)

5(6)

13(13)

5(4)

14(11)

Furca

Primary claws

Secondary claws

Total claws

2

2

x3
2

5

4(4)

2(2)

6(6)

4(4)

2(2)

6(6)

4(4)

2(2)

6(6)

Lateral eye

Ommatidia or cells 4 6 4+ (8+) ? (many) 4-5 (20)

Medial eye

Filaments A A A(P) P(?) ? (P?)

Y-Sclerite

Genitalia

?

A
?

A
?(b)

A (A)

b(b)

A (A)

b(b)

P(P)

" (1st ant.). Adult male differs from instar IV male in having ventral bristle of 5th joint with broad filamentous

proximal part.

'' (2nd ant.). Does not include minute bristle on 1st joint.

= (mand.). Total includes coxale endite as equivalent to one bristle.

'' (mand.) Estimated total bristles includes the number of bristles questioned on list because of their being

obscured or fragmented. If data were completely lacking, approximations were made based on the number of

bristles on adjacent instars. If same group of bristles differed on left and right limbs of an individual, or on

limbs of individuals at same developmental stage, the average number of bristles was used (to nearest whole

number).
"= (6th limb). Endites not distinctly separated on limb; bristle is proximal to spinous nodes that are probably

undeveloped endites; this suggests that the bristle is either on endite I, or perhaps proximal to endite I.

' (7th limb). Limb absent on instar I.

Stages (1 dorsal and 1 ventral bristle is pre-

sent on the 3rd joint of instars I and II (the

ventral bristle is longer on the latter instar),

an additional dorsal bristle is added on in-

star III). Fourth joint: the number of bristles

increases on instars II, III, and IV, and the

adult male, but the number on the adult fe-

male remains the same as on instar IV (1

ventral distal bristle is added on instar III,

another ventral distal bristle in instar IV,

and a 3rd ventral distal bristle is added in

the adult male).

Second antenna (Table 3): The protopod-

ite is bare in all stages. The endopodite is

1 -jointed in the female, 2-jointed in the in-

star III male, and 3-jointed in both the instai"

IV male and adult male. Exopodite: 1st

joint with minute terminal bristle in all stag-
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es; joints 2-8 of instar I each a with short

ventral bristle with minute ventral spines;

joints 2-8 of instars II-IV each with a short

ventral bristle with corn-row of closely

spaced teeth along the ventral edge and

with a terminal hook; joints 2-5 of adult

female each with a ventral bristle reaching

past 9th joint, each bristle with corn-roe of

blunt teeth along the ventral margin; joint

2 of adult male with a short ventral bristle

with small ventral spines; joints 6-8 of

adult female and 3-8 of adult male each

with a long bristle with natatory hairs. The

number of bristles on the 9th exopodial

joint increases by one at each instar, from

2 short bristles (1 of these with short spines,

other bare) on instar I to 5 short bristles (all

bare) on instar IV. The 9th joint of the adult

female bears 6 bristles (4 long with natatory

hairs, and 2 short, bare), and the adult male

bears 5 bristles (4 long with natatory hairs,

and 1 short, bare).

Mandible (Table 3): The coxale endite of

the adult male is much smaller than that of

the adult female and those of the male and

female instars. Only the adult male bears an

exopodite. The c-bristle of the 2nd endo-

podial joint is much stouter than c-bristles

of later stages. Only the c-bristle of the 2nd

endopodial joint is present in instar I. The
adult male does not have pincers on the 2nd

and 3rd exopodial joints.

Maxilla (Table 3): Many maxillae in this

study fragmented during dissection or were

obscured on the slide. Most bristles are al-

ready present in instar I. The maxilla of the

adult male is weakly developed.

Fifth limb (Table 3): The endites of the

5th limb of instar I differ from those of later

stages in having a small triangular process

in addition to the bristles. The configura-

tions of the main tooth of the 1st exopodial

joint and the flat tooth that forms the 2nd
exopodial joint of instar I (Fig. 3e, f) differs

considerably from those of later instars and

the adult female and, therefore, is useful for

identifying the 1st instar.

Sixth limb (Table 3): The 6th limb of in-

star I is spinous, but without bristles; the

6th limb of instar II bears 1 bristle, and re-

maining stages bear many bristles (13-1- ).

Seventh limb (Table 3): The 7th limb is

absent in instar I; it is present as a bare

thumb-like process in instar II, as a bare

finger-like process in instar III, and as a

worm-like process with marginal bristles in

instar IV and the adult. The bristles are ta-

pered in instar IV and more cylindrical in

the adult. The 7th limb of the adult female

bears 6 terminal bristles compared to 4 in

the male.

Furca (Table 3): Each lamella has a total

of 2 claws in instar I, 5 in instar II, and 6

in later instars and adults. Both claws in

instar I are primary claws, and have sutures

at their bases.

Bellonci organ: A Bellonci organ was

observed in all stages except instar I, and it

was probably present there, but obscured.

Lateral eye (Table 3): The exact number
of ommatidia in the eyes is difficult to de-

termine because some are faint and are dif-

ficult to identify as ommatidia rather than

cells. The female has 4-6 ommatidia in all

stages. The adult male has many ommatidia

(20). The ommatidia of male instars are

fewer than those of the adult male, but may
be more than in female instars of similar

stages; the latter may be of value in distin-

guishing male and female instars, but re-

quires further study.

Medial Eye (Table 3): The medial eye of

some specimens have dorsal filaments.

They were observed only in instars III, IV,

and adults; filaments were not observed in

instars I and II as well as in a female instar

III, but the filaments are more difficult to

observe in early instars, and further study

is needed to document their absence.

Genitalia (Table 3): Observed only on

adults.

Identification of Growth Stages of

Rutiderma darbyi Komicker, 1983

Komicker (1992:123) presented a key to

developmental stages of male and female

Rutiderma. A key is presented herein to
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recognize developmental stages of male and

female stages of R. darbyi using a greater

number of characters.

Some stages of males are recognizable

by the endopodite of the 2nd antenna,

which becomes larger and more complex in

instars III, IV, and the adult. The endopo-

dites of the 2nd antenna of females are sin-

gle jointed in all stages, whereas, in male

instars III, IV, and the adult they have at

least 2, and usually 3 joints. The endopodite

of the 2nd antenna is less useful in sepa-

rating males from females in instars I and

II, if the joints of the males are not clearly

defined. Natatory bristles are present on the

exopodite of the 2nd antenna only in adults.

Instar I is usually without a 7th limb, and

if present it is minute. The 7th limbs of in-

stars II and III are bare, but bear bristles in

later stages.

Key to the Stages of Rutiderma darbyi*

Komicker 1983 (males and females)

L 2nd and 4th joints of 1st antenna without

bristles; endopodite of 2nd antenna with-

out bristles; exopodite of 2nd antenna

with 2 bristles on 9th joint; 2nd endo-

podial joint of mandible with 3 bristles;

sixth limb without bristles; each furcal

lamella with 2 claws instar I

1. 2nd and 4th joints of 1st antenna with

bristles; endopodite of 2nd antenna with

1 or more bristles; exopodite of 2nd an-

tenna with 3 to 6 bristles on 9th joint;

2nd endopodial joint of mandible with 5

to 9 bristles; sixth limb with 1 or more
bristles; each furcal lamella with 5 or 6

claws 2

2. 4th joint of 1st antenna with 1 bristle;

exopodite of 2nd antenna with 3 bristles

on 9th joint; sixth limb with 1 bristle;

each furcal lamella with 5 claws . . instar II

2. 4th joint of 1st antenna with 2 or 3 bris-

tles; exopodite of 2nd antenna with 4 to

* The key is based on the relatively few specimens

studied herein, and does not consider possible intra-

specific variability that may occur in a population.

Adult characters are based on descriptions in Komick-

er (1983:36).

6 bristles on 9th joint; 6th limb with

more than 1 bristle; each furcal lamella

with 6 claws 3

3. 4th joint of 1st antenna with 2 bristles;

exopodite of 2nd antenna with 4 bristles

on 9th joint instar III

3. 4th joint of 1st antenna with 3 or 4 bris-

tles; exopodite of 2nd antenna with 5 or

6 bristles on 9th joint 4

4. exopodite of 2nd antenna without nata-

tory bristles; bristles of 7th limb strongly

tapered instar FV
4. exopodite of 2nd antenna with natatory

bristles; bristles of 7th limb cylindrical

adult

Geographical Variability in Carapace Size

of Adult Rutiderma darbyi Kornicker,

1983

The adult females collected off Southeast

Florida are smaller than those collected off

South Carolina and Georgia (Fig. 18). Mea-
surements in Fig. 17 include those obtained

in the present study and those presented in

Kornicker (1983:41-45). The length (1.09

mm) of a single adult female from the

Southwest Florida continental shelf (Gulf of

Mexico) presented in Komicker (1983:41)

is within the range of lengths of measured

specimens from off Southeast Florida.

The lack of overlap in the range of car-

apace lengths in the populations from off

Southeast Florida and South Carolina and

Georgia suggests a lack of mixing of the

two populations, indicating that they rep-

resent a metapopulation.

Comparison of Development of Rutiderma

darbyi Kornicker, 1983 with R. arx

Kornicker, 1992 and Skogsbergia lerneri

Kornicker 1958

Komicker (1992:124) described stages of

Rutiderma arx collected in the vicinity of the

Glorioso Islands, Indian Ocean. The total

number of bristles, claws, and teeth on the

limbs of R. arx and R. darbyi are compared

at each stage in Table 4. In general, except

for small differences that could be attributed

to intraspecific variability, the total number
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Fig. 18. Comparison of carapace lengths of adult specimens of Rutiderma darbyi from Southwest Florida

with those from Georgia and South Carolina. (Measured specimens include those presented in Kornicker (1983:

41:45) as well as herein; X-bar = average length; double line indicates range of length.)

of bristles, claws, and teeth on like append-

ages and stages of both species, are quite

similar. An exception may occur in the 7th

limbs, for the limb of R. arx bears an addi-

tional bristle on both the adult male and fe-

male. The locations on appendages of bris-

tles, claws, and teeth at each successive

stage is also quite similar in both species,

indicating that the two species develop in the

same manner. The exopodite of the maxilla

of R. arx bears 3 bristles in all stages, com-
pared to only 2 on the exopodite of R. dar-

byi.

Cohen (1983: table 1) summarized the de-

velopment of main characters (the number
of certain bristles on appendages) of Skogs-

bergia lemeri. S. lemeri has six stages com-
pared to only five in R. darbyi. In Table 5,

the number of bristles listed by Cohen for

instars I-IV of S. lemeri are compared with

those of R. darbyi. The similarity of the dis-

tribution of bristles on the 1st antenna and

6th limb, and lack of bristles on the 7th limb

in instars I-III of both species indicate that

those instars are similar in species having

either 5 or 6 stages. Apparently, the extra

stage in species having six stages occurs be-

tween instar HI and the adult.

Comparison of Total Number of Bristles

on Stages of Rutiderma darbyi Kornicker,

1983, Skogsbergia lemeri (Kornicker,

1958), Gigantocypris muelleri Skogsberg,

1920 and Tetragonodon rex Kornicker &
Harrison-Nelson, 1999

Comparing characteristics of taxa in toto

permits identification of components that
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Table 4.—Approximate number of bristles, claws, and teeth on limbs of stages of Rutiderma darbyi Komicker,

1983 and R. arx Komicker, 1992 (f = female, m = male, * = sex uncertain, — = data absent or incompletely

known). (Data on R. darbyi from Table 3; data on R. arx from Komicker (1992:124); if same group of bristles

differed on left and right limbs of an individual, or on limbs of individuals at same development stage, the

average number of bristles was used (to nearest whole number).)

Instar and sex

Limb
I

sex*
II

sex*
III

f (m)
IV

f (m)
Adult
f (m)

First antenna

R. darbyi

R. arx

11

11

14

14

16 (16)

- (16)

17 (17)

- (16)

17 (18)

17 (18)

Second antenna

R. darbyi

R. arx

9

9

11

11

13 (15)

-(15)
15 (17)

-(19)
17 (21)

18 (22)

Mandible

R. darbyi

R. arx 15 20

23(-)
-(25)

26 (26)

-(24)
27 (27)

27 (25)

Maxilla

R. darbyi

R. arx

24

21

26 - (-)

- (33)

- (-)

-(30)
31 (-)

30(-)

Fifth limb (endites plus exopodite)

R. darbyi

R. arx

18

20 31

29 (29)

- (31)

30 (29)

- (30)

29 (31)

30(-)

Sixth limb

R. darbyi

R. arx

1

1

14 (13)

-(-)
18 (18)

- (-)

20 (20)

19 (18)

Seventh limb (bristles)

R. darbyi

R. arx

- (0)

-(0)
8(7)

-(8)
9(7)

10(8)

Furca

R. darbyi

R. arx

2

2

5

5

6(6)
- (5)

6(6)
- (6)

6(6)

6(6)

account for their major differences, and

may lead to interpretations of reasons for

the differences.

The estimated total numbers of bristles,

claws, and teeth, in succeeding stages of R.

darbyi, S. lerneri, Gigantocypris muelleri,

and Tetragonodon rex are shown graphi-

cally in Fig. 19 and listed in Table 6.

The greater rate of addition of bristles in

later instars of G. muelleri is mainly the re-

sult of a large increase in the number of

bristles and teeth on the 7th limb. Possibly,

because of the large number of eggs in each

brood of the adult female G. muelleri, many
bristles and teeth are required on the 7th

limb, but this is just conjecture, and does

not account for the numerous bristles and

teeth on the 7th limb of the adult male. The

ontogenies of Gigantocypris agassizi Miill-

er, 1895 (Poulsen 1962:55) and G. danae

Poulsen, 1962 (Poulsen 1962: table 13) are

quite similar to that of G. muelleri.

Rutiderma darbyi has fewer bristles,

claws, and teeth, at each stage than do S.

lerneri, G. muelleri, and T. rex. G. muelleri

has more at each stage than the other three

taxa. The reasons for these differences are

not clear. Possibly, the larger number of

bristles, claws and teeth of G. muelleri is

related to its planktonic life style and/or its
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Table 5.—Summary of development of main characters in instars I—IV of Skogsbergia lerneri (Komicker,

1958) and Rutiderma darbyi Komicker, 1982 (Data on R. darbyi from Table 3; data on S. lerneri from Cohen

(1983: table 1).)

5. iemerilR. darbyi instars

First antenna;

Dorsal bristles on 4th segment

Ventral bristles on 4th segment

Second antenna:

Bristles on 9th segment of expodite

Bristles on endopodite

Mandible:

Ventral bristles on 2nd endopodial segment

Long dorsal bristles on 2nd endopodial segment (a-

bristles of R. darbyi)

Maxilla:

Alpha- and beta-bristles on 1st endopodial segment

Bristles on end segment

5th limb:

Bristles on fused 4th and 5th segments

6th limb:

Endite bristles

Bristles on end segment

Epipodial bristles

7th limb:

Proximal bristles

Distal bristles

Bristles tapered

Furca:

Claws on one lamella

I II III IV

0/0 1/1 1/1 1/1

0/0 0/0 1/1 1/1

2/2 3/3 3/4 3/5

1/0 2/1 3/2 F4/3F

1/0 3/1 3/2 4/2

3/2 4-5/2--3 5/3 5-6/3

2/2 2/2 4/2 4/2

5/5 6/6--7 10/6-7 12/7

2/2-3 3/5 3/4

5'-V2 5/5 6-7/6

3^/4

0/0 1/1 10/8 16-17/9-10

0/0 0/0 5/4-5 9-10/7

0/0 0/0 1/1 2/2

OVOo ovo-^ O^/O" 2/3-4

OVO" ovo= O^/O" 3^/3-4
-/- -/- -/- -I-/-I-

6-7/6

'' Limb absent or a bud.

*> Limb absent.

' Limb short.

'' Limb long.

" Only 1 st claw with suture.

being much larger than the other taxa. Both

G. muelleri and R. darbyi are predators; S.

lerneri is a scavenger, and T. rex is a detri-

tus feeder; and the last three species live on

or close to the substrate.

Figure 20 is based only on adult females.

Each line may be considered a lateral pro-

file of the ostracod body reading from its

anterior to posterior showing the total num-
ber of bristles, claws, and teeth on each ap-

pendage. The profile for G. muelleri has

three peaks (at mandible, 5th limb, and 7th

limb); that of S. lerneri has two peaks (at

mandible and maxilla); whereas, those of

both T. rex and R. darbyi have only one

peak (at 5th limb). The 3rd peak of the pro-

file of G. muelleri is the result of the large

number of bristles on the 7th limb. The
peak of the profile at the 5th limb, which

occurs for all four species, is the result of

the numerous bristles on the epipodite of

the limb, which is present on all Myodo-
copina. The peak of the profile at the man-
dible of G. muelleri and S. lerneri reflects
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Fig. 19. Approximate total number of bristles, claws, and teeth on appendages of developmental stages of

Gigantocypris muelleri Skogsberg, 1920, Rutiderma darbyi Kornicker, 1983, Skogsbergia lerneri Kornicker,

1958, and Tetragonodon rex Kornicker & Harrison-Nelson, 1999.

the occurrence of many more bristles on the

mandibles of taxa in the Cypridinoidea than

in the Sarsielloidea, which includes R. dar-

byi and T. rex.

Distribution of Bristles on the First

Antennae of Instars I-III of Myodocopina

In the Rutidermatidae and Sarsiellidae

the 3rd and 4th joints of the 1st antennae

are coalesced, but some species show ru-

dimentary indications of sutures (Poulsen

1965:48). The distal two joints (7th and

8th) are also coalesced on the 1st antennae

of some myodocopids. Poulsen (1965:48)

disregarded lack of sutures in the 1st anten-

nae of some myodocopids and considered

all 1st antennae to have eight joints, a pro-

cedure followed by later students of the

group, as well as herein. A clue to the pres-

ence of coalesced 3rd and 4th, 5th and 6th,

and 7th and 8th joints is the distribution of

bristles on the joints, which usually are in

the same locations whether or not a divid-

ing suture is evident.

Hiruta (1983:673) based a "key to early

myodocopid instars" on the first appear-

ance of bristles on the 4th joint of 1st an-

tennae. Because the early instars of only a

relatively few myodocopid species were

known when Hiruta (1983:673) made that

key, the present authors made a nonexhaus-

tive survey of the literature, mainly of pa-

pers published since 1983 (Table 7). Except
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Table 6.—Average carapace length (mm) and estimated average number of bristles, claws, and teeth on

appendages of stages of Rutiderma darbyi Komicker, 1983, Skogsbergia lerneri (Komicker, 1958), Giganto-

cypris muelleri Skogsberg, 1920, and Tetragonodon rex Komicker & Harrison-Nelson, 1999 and the percentage

increase in bristles, claws, and teeth, between both successive stages^ and total*". (Because of lack of data, the

total for S. lerneri may be slightly underestimated; bristles of genitalia and basal spines of exopodite of 2nd

antennae are not included for the four species.)

Bristles, claws, and teeth

Stage

Average carapace
length (mm) Total number

Increase between
stages" (%)

Increase between
stages"

(% of total increase)

I

n
m
IV

adult female

adult male

I

n
m
IV

V
adult female

adult male

I

n
m
IV

V
VI

adult female

adult male

I

n
in

rv

adult female

adult male

Rutiderma darbyi

(Data on adults from Komicker (1983: 41, 45))

0.52 96

0.62 121 26

0.74 160 23

0.96 179 12

1.24 194 8

1.17 195 9

Skogsbergia lerneri

(Data in part from Cohen (1983: table 1), and Komicker (1983:44).)

0.62 107

0.69 148 38

0.89 205 39

1.11 246 20

1.43 286 16

1.96 367 28

1.62 366 28

Gigantocypris muelleri

(Data in part from Poulsen (1962: table 9).)

4.1 169

6.5 196 16

7.5 242 23

8.8 390 61

9.0 539 38

13.3 650 21

16.5 977 50

14.0 999 54

Tetragonodon rex

(Data from Komicker & Harrison-Nelson (1999: table 4).)

0.95 125

1.15 171 24

1.41 209 22

1.73 241 22

2.05 249 3

1.89 236 minus 2

25

39

19

15

21

28

21

20

31

3

5

18

18

13

39

39

32

27

4

" Percentages were calculated by subtracting the number of bristles in one stage from the number of bristles

in the following stage, then dividing the difference by the number of bristles in the first stage and multiplying

by 100.

'' Percentages were calculated by dividing the number of bristles obtained by subtracting the number of bristles

on instar I from the number on the adult female and then multiplying by 100.
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Fig. 20. Profile of approximate total number of bristles, claws, and teeth on appendages of adult females of

Gigantocypris muelleri Skogsberg, 1920, Rutiderma darbyi Kornicker, 1983, Skogsbergia lerneri Komicker,

1958, and Tetragonodon rex Kornicker & Harrison-Nelson, 1999.

for two species noted below, the appearance

of bristles on the 4th joint of instars I to III

of Myodocopina is remarkably consistent,

and conforms to the Key of Hiruta (1983:

673). That consistency maintains for spe-

cies having either 4, 5, or 6 instars, which

are the numbers of instars generally en-

countered in species of Myodocopina.

A juvenile of Paradoloria angulata

Poulsen, 1962:157, was described as having

on the fourth joint of the 1st antenna only

one dorsal bristle. The unique specimen

was described by Poulsen (1962:158) as "a

larval stage, probably the next-last larval

stage." The specimen is unusual in having

no bristles on the 7th limb (a character usu-

ally indicating that the specimen is not later

than an instar III), and also in having many
bristles on the 6th limb (a character usually

indicating that the specimen is not earlier

than an instar IV).

Poulsen (1962: table 10) indicated that

only one of three instars II of Gigantocypris

muelleri Skogsberg, 1920, that he examined

had a dorsal bristle on the 4th joint. This

shows that intraspecific variability occurs in

this character. This is an important obser-

vation, because in most studies only a few

specimens are examined.

Because a few species do not fit into Hi-

ruta's key, additional appendages should be

examined to verify the stage of a specimen

under study.

According to the interpretation of Kor-

nicker & Iliffe (1989c:50), the 4th joint of

the 1st antenna of Metapolycope duplex

Kornicker & Iliffe, 1989c, in the suborder

Cladocopina is without bristles in all stages.
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Table 7.—Distribution of bristles on fourth joint of first antennae of instars I-III of selected species of

Myodocopina. (D = dorsal, V = ventral, ? = number of bristles unknown.)

Species III

Cypridinidae

Azygocypridininae

Azygocypridina imperialis (Komicker 1989:55)

Cypridininae

Cypridinini

Amphisiphonostra sp. (Hiruta 1982: fig 2)

Codonocera phoenix (Komicker 1992:43)

Codonocera species A (Komicker 1991:24)

Cypridina segrex (Komicker 1992:26)

Cypridinia spina (Komicker 199: table 5)

Cypridina spinula (Komicker 1991: table 7)

Hadacypridina biscayensis (Komicker 1989:27)

Macrocypridina castanea (Poulsen 1962:120; Skogsberg

1920:284)

Skogsbergia galapagensis (Komicker & Iliffe 1989c: table 4)

Skogsbergia lerneri (Cohen 1983: table 1)

Skogsbergia plax (Komicker 1992:77)

Vargula hilgendorfii (Himta 1980:146)

Vargula sagax (Komicker 1992: 92)

Gigantocypridinini

Gigantocypris agassizi (Poulsen 1962:22)

Gigantocypris danae (Poulsen 1962:85)

Gigantocypris muelleri (Poulsen 1962:57)

Total species

Philomedidae

Philomedinae

Euphilomedes climax (Komicker 1991:7)

Pseudophilomedinae

Harbansus paucichelatus (Komicker et al. 2002:35)

Pseudophilomedes ^y/ix (Komicker & Iliffe 1989c: 19)

Tetragonodon rex (Komicker and Harrison-Nelson 1999:3)

Total species

Rutidermatidae

Rutidermatinae

Rutiderma arx (Komicker 1992:124)

Rutiderma darbyi (herein)

Rutiderma schroederi (Komicker & Iliffe 2000: fig. 38b)

Rutiderma hartmanni (Komicker 1992: table 17)

Rutiderma normani (Komicker 1992: 139)

Total species

Sarsiellidae

Sarsiellinae

Ancohenia robusta (Komicker 1991:89)

Eurypylus chavturi (Komicker 1992:165)

Eusarsiella chessi (Komicker 1991:95)

Eusarsiella merx (Komicker et al. 2002:48)

Eusarsiella ryanae (Komicker & Iliffe 2000:30)

Eusarsiella styx (Komicker & Iliffe 1989c:39)

ID, IV 2V, 2D

ID IV, ID
? IV, ID
? ?

? ? IV, ID
? ID IV, ID
? ID IV, ID
? ID^ -

ID IV, ID

ID IV, ID

ID IV, ID
? ID ?

ID IV, ID
? ?

7 IV, ID
? ?

IV, O-ID" IV, ID

2 10 13

ID IV, 1-2D

? IV, ID
? IV, ID
ID IV, ID

ID IV, ID
ID IV, ID

? ? 2V, ID
? ID IV, ID
? ID IV, ID

? ? IV, ID
? ? IV, ID
? ID ?

ID IV, ID
ID IV, ID
ID IV, ID
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Table 7.—Continued.

Instar

Species III

Eusarsiella zostericola" (Kornicker 1967:27)

Junctichela pax (Kornicker at al. 2002:67)

Sarsiella japonica (Hiruta 1977:44)

Sarsiella misakiensis (Hiruta 1978:275)

Spinacopia sandersi (Kornicker 1969:31)

Spinacopia variabilis (Kornicker 1969:19)

Total species

Cylindroleberididae

Cylindroleberidinae

Bathyleberis yamadai (Hiruta 1979b:99)

Pasterope muelleri (Poulsen 1965:376)

Synasterope browni (Kornicker et al. 2002:95)

Synasterope calix (Kornicker 1992:207)

Cyclasteropinae

Cyclasteropini

Cyclasterope fascigera (Poulsen 1965: table 22)

Cycloberidini

Cycloleberis bradyi (Poulsen 1965: table 22)

Tetraleberidini

Amboleberis americana (Poulsen 1965: table 22: Kornicker

1981:179)

Tetraleberis tanzania (Kornicker 1981:162)

Tetraleberis species 1 (Kornicker 1981:165)

Asteropteroninae

Asteropella monambon (Kornicker 1981:227)

Asteropella mortenseni (Poulsen 1965: table 22)

Asteropteron fuscum (Hiruta 1979a: 15)

Asteropterygion skogsbergi (Poulsen 1965: table 22)

Asteropterygion thailandicum^ {Poulsen 1965: table 22)

Pteromeniscus intesi' (Kornicker & Caraion 1974:61; Kor-

nicker 1981:344)

Total species

? ID
ID
ID
ID
ID

? ID

ID

? ID
7

?

7 ID
ID

? ?

ID
?

IV, ID
IV, ID
IV, ID
IV, ID
IV, ID
7

ID IV, ID
7 ID" 7

7 7

ID IV, ID

2V, ID

4V, ID

2V, ID

7

7

7

IV, ID
IV, ID
2V, ID
IV, ID
7

^A specimen that Kornicker (1989:24, 27) identified as instar III is corrected here to instar II based on

reexamination of the 6th limb of the specimen (MNHN Os 92), which bears only 1 bristle.

*' Poulsen (1962: table 10) indicated that 1 of 3 instars II had a dorsal bristle on the 4th joint.

'^ Specimens that Kornicker (1967:29) identified as instars III and IV are corrected here to instars II and III,

respectively.

^ Poulsen (1965:376) identified a specimen of Parasterope muelleri having a length of 0.58 mm as the smallest

in his collection, but assumed that the youngest one or two free-living stages were absent from his collection,

because of the size of the largest embryo (0.30 mm) in the brood chamber of an adult female. The absence of

bristles on the 6th limb and the absence of the 7th limb suggests that it is an instar I. However, the presence of

filaments on the bristle of the 5th joint and some bristles of the 7th and 8th joints of the 1st antenna suggest

that the specimen is older than instar I. The specimen has 1 dorsal bristle on the 4th joint. The specimen is

questionably identified as instar II in the above list, and has been omitted from the total listed.

" Poulsen (1965:444) reported having 2 juveniles oi Asteropterygion thailandicum in the collection, but in his

table 22 he listed 4 juveniles (instars II, III, IV, V). Because of the absence of bristles on the 6th limb of the

specimen he identified as instar II in table 22, it is interpreted here to be an instar I. Because of the presence

of bristles on the 6th limbs and the absence of bristles on the 7th limbs of the specimens he identified as instars

11 and III and table 22, they are interpreted here to be instars II and III, respectively. Because of this difference,

the unusual distribution of bristles on the 1st antennae as well as on the 6th and 7th limbs of instais 11 and III

in table 22 may be suspect.

'The unique specimen was identified as instar II? by Kornicker & Caraion (1974:61), but was corrected to

instar I by Kornicker (1981: table 9).
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In the suborder Halocypridina, the 4th

joints of the 1st antennae of Danielopolina

bahamensis Kornicker & IHffe, 1989b, and

Danielopolina styx Kornicker & Iliffe,

1989a, are without bristles on instars I to

III (Kornicker & Iliffe 1989b: table 2;

1989a: table 12), and the 4th joint of the

1st antenna is without bristles in all stages

of Euconchoecia bifurcata pax Kornicker,

1989 (in Kornicker & Iliffe 1989b:29). This

brief survey of a few members of the Order

Halocyprida suggests that the consistent

manner of addition of bristles to the 4th

joint of the 1st antenna in instars I to III in

the Myodocopida applies only to the latter.

Development and Function of the

Exopodite of the Second Antenna of the

Rutidermatidae

Identification of stages.—Many bristles

on the exopodite of the 1st antennae of

known adult Rutidermatidae have natatory

hairs, whereas the same bristles on known
instars are bare or have small spines. That

difference may be used to identify instars

and adults.

The exopodites of the 2nd antennae of

the two species of Rutiderma (R. darbyi, R.

arx) for which all stages are known have

two bristles on the 9th joint of instar I, three

on instar II, four on instar III, and five on

instar IV (Tables 3, 8; Kornicker 1992: ta-

ble 15). Therefore, the number of bristles

on the 9th joint of instars of those two spe-

cies are potentially useful for identifying

stages. First instars are unknown for other

species of Rutiderma, and instars II-IV are

known for only a few species of the genus,

but the data do suggest that the number of

bristles on the 9th joint of other species of

Rutiderma is similar to that of R. darbyi and

R. arx (Table 8). (The number of bristles on

the 9th exopodial joint of the 2nd antennae

has been previously shown to be useful in

identifying instars in the genus Azygocypri-

dina Sylvester-Bradley, 1950 in the family

Cypridinidae (Kornicker 1992: fig. 5).)

The few known instars of Alternochelata

(Kornicker, 1958) (1 instar IV), Scleraner

Kornicker, 1975a (2 instar IV), and Metas-

chisma Kornicker, 1994 (1 instar IV) do not

permit conclusions, but the data do suggest

that they may differ from Rutiderma (Table

8).

Sexual dimorphism.—Bristles on exopo-

dial joints 2-9 of both male and female in-

stars II-IV of known rutidermatids are

short, and are either bare or have short ven-

tral spines. With few exceptions, the num-
ber of bristles on each exopodial joint of

male and female instars at the same stage

of development of the few known Rutider-

matidae is the same (Table 8), which indi-

cates lack of sexual dimorphism.

Adult females of most species of Ruti-

derma have more bristles on the 9th joint

than on the adult male, which indicates

adult sexual dimorphism. Generally, the

adult female bears a total of six bristles

(four natatory bristles plus two smaller bris-

tles that are either bare or have small

spines) on the 9th joint compared to a total

of five bristles (four natatory bristles plus

one smaller bristle that is either bare or has

small spines) on the adult male (Table 8).

Swimming.—The bristles of exopodial

joints 2-9 of the 2nd antennae of known
instars of the R. darbyi, are short and with-

out natatory hairs indicating that the instars

are most likely not swimmers and, there-

fore, are restricted to the substrate as crawl-

ers and burrowers.

The adult female bears a long ventral

bristle with natatory hairs on joints 6 to 8

as well as four long bristles with natatory

hairs on the 9th joint, a total of seven long

natatory bristles. The presence of the nata-

tory bristles indicates that the adult female

is capable of swimming.

The adult male bears a long ventral bris-

tle with natatory hairs on joints 3 to 8 as

well as four long bristles with natatory hairs

on the 9th joint, a total of 10 long natatory

bristles. The protopodite of the 2nd antenna

of the male is larger and more muscular

than that of the female, and the exopodite

longer, which along with the greater num-
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Table 8.—Number of bristles on ninth joint of second antennae of selected species of the Rutidermatidae

(f = female, m = male, — = no specimens, ? = number of bristles uncertain, * = sex uncertain).

Stage and sex

I II III IV Adult
Species sex* f (m) f (m) f (m) f Cm)

Rutiderma

R. apex' - - (-) - (-) -(-) 6(5)

R. arcuatile^ - (-) - (-) -(-) 6(-)
R. arx^" 2* 3(-) - (4) -(5) 6(5)

R. chessP - - (-) - (-) - (-) 6(-)
R. cohenae^ - - (-) - (-) - (-) 6(-)
R. darby? 2* 3* 4(4) 5(5) 6(5)

R. exrex^ - - (-) - (-) -(-) 6(-)
R. ferax^ - - (-) - (-) - (-) 6(-)
R. fusca^ - - (-) - (-) - (-) - (4)

R. gerdhartmannP - - (-) - (-) -(-) 6(5)

R. gyre' - - (-) - (-) -(-) 5(5)

R. hartmanni^-^ - -(3) 4(-) -(5) 6(5)

R. irrostratum* - - (-) - (-) 5(5) 6(-)
R. judayp - - (-) - (-) - (-) 6(5)

R. kalkeP - -(-) - (-) - (-) 6(5)

R. leloeuffP-'° - - (-) - (-) - (4?) 6(-)
R. licinunt^ - - (-) - (-) - (-) 6(-)
R. lomae^ - - (-) 4(-) - (-) 6(5)

R. mollitum^ - - (-) - (-) - (-) 6(5)

R. mortensenfi - - (-) - (-) -(-) 5(-)
R. normani^ - -(3) - (4) -(4-5) 4(5?)

R. ovata'' - - (-) - (-) -(5) 6 (4, 5)

R. rex^ - - (-) - (-) -(-) 6(-)
R. rostratum^ - - (-) - (-) - (-) 6(5)

R. rotundum^-^ - 3(-) - (-) - (-) 6 (4,5)

R. schroederi" - - (-) - (-) - (-) 5(-)
R. sterrerP'^ - -(-) - (-) - (-) 5(5)

R. tridens^ - - (-) - (-) 5(5) - (-)

R. vox'^ - -(-) - (-) -(-) 6(-)
R. species B^ - -(-) - (-) - (-) 6(5)

Total species 2* 2(2) 3(3) 3(8) 28 (17)

Alternochelata

A. lizardensis''* - -(-) - (-) -(6) 5(6)

A. nealeP - -(-) - (-) - (-) 7(6)
A. sikoraP - - (-) - (-) - (-) 7(6)

Total species 0(0) 0(0) 0(1) 3(3)

Scleraner

S. chacaoP - - (-) - (-) - (-) 6(-)
S. trifax" - - (-) - (-) - (5) 5(5)

Total species 0(0) 0(0) 0(1) 2(1)

Metaschisma

M. nex'^ - - (-) - (-) - (6) ^7(-)

Total species 0(0) 0(0) (1) 1 (0)

References: ' Kornicker & Harrison-Nelson (1997). ^ Kornicker (1983) and herein. ' Komicker & Thomassin

(1998). "Kornicker (1992). ' Kornicker & Myers (1981). * Poulsen (1965). 'Kornicker (1975a). » Komicker

(1985). 'Kornicker & Caraion (1978). '"Kornicker (1975b). " Kornicker & Iliffe (2000). '-Kornicker (1981).

" Kornicker (1991). '•* Kornicker (1982). '^ Kornicker (1994).
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ber of natatory bristles on the adult male,

indicates that the adult male is a more pow-

erful swimmer than the adult female. Sim-

ilar observations were made, and similar

conclusions were drawn for Rutiderma

hartmanni Poulsen, 1965, by Kornicker

(1985:24), and holds for many other mem-
bers of the Rutidermatinae (Table 9).

Burrowing.—Adult females have short

bristles without hairs on joints 3-5, com-

pared to only natatory bristles on those

joints on the adult male (Table 9). This sug-

gests that the adult female is a more effi-

cient burrower than the adult male. The
presence of only short bristles without hairs

on joints 3-9 of juveniles of both sexes sug-

gests that they are more efficient burrowers

than adults.

Development of the Mandibular Exopodite

of the Rutidermatidae

Mandibles of adult females of a few spe-

cies of Rutiderma have a small, terminal,

lateral, blunt bristle on the basale that has

been correctly interpreted by Poulsen

(1965:9) to be a rudimentary exopodite, but

the mandibles of the adult female Rutider-

ma darbyi and most other species of Ruti-

derma are without that small exopodial

bristle; it is also absent on known instars of

both sexes of Rutiderma. On the other hand,

all known adult male Rutiderma have a

well-developed spinous exopodite.

The ontogenies of other genera of the

Rutidermatidae are not as well known as

that of Rutiderma (Table 1). Metaschisma

Kornicker, 1994:123, is known from only

one species, M. nex Kornicker, 1994:123.

The mandible of the adult female of that

species bears an exopodite consisting of a

small node with a small terminal bristle; the

instar IV male is without an exopodite (ob-

servation based on reexamination of the

mandible of paratype instar IV male USNM
193932), and the adult male is unknown
(Kornicker 1994:123).

Scleraner Kornicker, 1975a:678, is

known from only two species. The adult

male of 5. chacaoi (Hartmann, 1965:328) is

unknown, but a juvenile female is without

a mandibular exopodite (Kornicker 1975a:

fig. 428g). The mandible of the adult female

S. trifax Kornicker, 1994:115, bears an ex-

opodite represented by a small bristle,

whereas, the exopodite of the adult male

mandible is finger-like, with distal hairs and

a long subterminal ringed bristle (Kornicker

1994: 115). The instar IV male is without an

exopodite. Thus, except for the male exo-

podite having a long subterminal bristle, the

development of the exopodite of Scleraner

trifax is similar to that of some species of

Rutiderma.

Alternochelata Kornicker, 1958:237, is

known from only four species: A. polyche-

lata Kornicker, 1958:237, fig. 59c, A. nealei

Kornicker & Caraion, 1974:66, A. lizarden-

sis Kornicker, 1982:793, and A. sikorai

Kornicker, 1983:17. The juvenile male
mandible of A. polychelata Kornicker,

1958:237, illustrated by Kornicker (1958:

fig. 59c), is without an exopodite; the adult

male and female mandibles are unknown.

The mandibles of the adult female of A.

nealei, A. lizardensis, and A. sikorai are

without exopodites, whereas, the dorsal

margin of the basale of each of the adult

males forms a bulge interpreted to represent

an exopodite that has fused to the basale

(observation on mandible of adult male of

A. sikorai is based on reexamination of

mandible of male paratype USNM 158935).

The mandible of the instar IV male of A.

lizardensis is without an exopodite.

The differences in the morphometries of

the exopodites of the mandibles of the

known species in the three genera of the

Rutidermatinae indicate that the exopodites

may be useful in identifying genera. The
fused nature of the exopodite of Alterno-

chelata may indicate an apomorphic char-

acter state.

Cohen et al. (1998:253) suggested that

"biramous myodocope limbs are less de-

rived than uniramous ones." Thus, the mor-

phology of the mandibles of adult males of

R. darbyi, and other species of the Rutider-
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Table 9.—Meristics of bristles on ninth joint of second antennae of adult females and males of selected species

of the Rutidermatidae (L = long or medium length bristle; S = short bristle; natatory bristles = bristles with long

marginal hairs. For source of data for each species see superscripts adjacent to species name in Table 8.)

Number of bristles on ninth joint

Joint

single

nuniDers witn
Female natatory bristles

(Bristles bare or

with spines)

Male natatory bristles

(Bristles bare or

with spines)

natatory bristle

Species Female Male

Rutiderma

R. apex 4L (2S) 4L (IS) 6-8 4-8

R. arcuatile 3L, IS (2S) - 6-8 -

R. arx 4L (2S) 4L (IS) 6-8 3-8

R. chessi 4L (2S) - 6-8 -

R. cohenae 3L, IS (2S) - 6-8 -

R. darby

i

4L (2S) 4L (IS) 6-8 3-8

R. dinochelatum - - 6-8 -

R. exrex 4L (2S) - 6-8 -

R. ferax 4L (2S) - 6-8 -

R. fusca - 4L (OS) - 3-8

R. gerdhartmanni 4L (2S) 4L (IS) 6-8 3-8

R. gyre 4L (IS) 4L (IS) 6-8 4-8

R. hartmanni 4L (2S) 4L (IS) 6-8 3-8

R. irrostratum 4L (2S) - 4^-8 -

R. judayi 3L, IS (2S) 4L (IS) 6-8 3-8

R. kalkei 4L (2S) 4L (IS) 6-8 4-8

R. leloeuffi 4L, IS (IS) - 5-8 -

R. licinum 3L, IS (2S) - 6-8 3-8

R. lomae 4L (2S) 4L (IS) 6-8 3-8

R. molUtum 4L (2S) 4L (IS) 6-8 3-8

R. mortenseni - 4L (IS) - 3-8

R. normani 3L (IS) - 6-8 -

R. ovata 4L (2S) 4L (IS) 6-8 3-8

R. rex 4L (2S) - 6-8 -

R. rostratum 4L (2S) 4L (IS) 6-8 3-8

R. rotundum 4L (0-2S) 4L (IS) 6-8 3-8

R. schroederi 4L, IS (0)
- 6-8 -

R. sterreri 4L (IS) 4L (IS) 6-8 3-8

R. vox 3L (IS) - 6-8 3-8

R. species B 4L (2S) - 6-8 -

Alternochelata

A. lizardensis 3L (2S) 3L, IS (2S) 6-8 3-8

A. nealei 4L (3S) 4L (2S) 6-8 3-8

A. sikorai 5L (2S) 4L (2S) 6-8 3-8

Scleraner

S. chacaoi 4L (2S) - 6-8 -

S. trifax 4L (IS) 4L, IS (0) 6-8 3-8

^Kornicker & Caraion (1978:58) reported natatory hairs on bristles of joints 3-8 of R. irrostratum. Reexami-

nation of the 2nd antennae of a paratype (USNM 152826) by the present senior author found natatory hairs only

on bristles of joints 4-8, and that number is used in the above list. Several differences between characters of ^.

irrostratum and other species of Rutiderma, led Kornicker & Caraion (1978:60) to state that the species may
warrant a new subgenus of Rutiderma.
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matidae could be interpreted to be less de-

rived than that of juvenile males.

Mandibles of the Cypridinidae, Philo-

medidae, and Cylindroleberididae have

well-developed exopodites on juveniles and

adults of both sexes; whereas, mandibles of

the Sarsiellidae generally have a larger ex-

opodite on the adult male, than on both ju-

veniles and the adult female, which are

without exopodites on most species. Thus,

the development of the exopodite of the

Sarsiellidae is more similar to that of the

Rutidermatidae, than it is to other families

of Myodocopina, and suggests a synapo-

morphy.
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Appendix

Station data for selected samples with selected

specimens

Station 8. West side of intracoastal waterway

(ICWW) approximately 30 meters N of the NE cor-

ner of the Southport Turning Notch; depth approx-

imately three meters; bottom of fine muddy sand

with finely divided mangrove detritus and scattered

hand-sized algae-covered rocks. USNM 194511: 1

instar H, sex unknown.

Station 1 1 . North corner of the northern entrance to

Whiskey Creek; depth approximately four meters;

bottom of fine mud among large boulders (rip rap).

Aug 1996: USNM 194510: 1 instar II, sex un-

known.

Station 17. Whiskey Creek on a line approximately

due east of north margin of the Southport Turning

Notch; depth 0.2 m; bottom coarse shelly sand sub-

ject to strong tidal flow; bottom with scattered fil-

amentous green algae. Station lies just inside a

beach in a shallow, sandy creek draining a man-

grove swamp; tidal range of about one meter; depth

at low tide is about V4 meter. Jan. 1997: USNM
194562: 1 instar IV male; USNM 194563: 1 adult

female; USNM 194564: 1 instar IV female: USNM
194606: 1 instar I, sex unknown; USNM 194607:

1 aduh male; USNM 194608: 2 adult males; USNM
194609: 5 adult females; USNM 194610: 5 adult

females; USNM 194612: 1 instar IV male; USNM
194613 A, B: 2 adult males; USNM 194613C: 1

instar IV male.

Station 19. Whiskey Creek 10 m south of the southern

footbridge; depth 0.2 m; bottom of fine peaty mud
with some sand and shell debris. Aug. 1996: USNM
194505: 1 instar I, sex unknown; USNM 194506:

1 instar II, sex unknown; USNM 194507: 1 instar

III female; USNM 194508: 1 instar II, sex un-

known; USNM 194509: 4 instar II, sex unknown;

USNM 194512: 1 instar I, sex unknown; USNM
194513: 1 adult female; USNM 194514A, B: 2 in-

star III females; USNM 1945 15A, B: 2 instar III

females; USNM 194516, 1 instar I, sex unknown;

USNM 194614, 1 instar III male; USNM 194615:

1 instar II, sex unknown.
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Further studies on the chromosomes of Philipmne rodents ^'^/\/

(Muridae: Murinae) { jkiQw \

Eric A. Rickart and Lawrence R. Heaney Ns^ ,

(EAR) Utah Museum of Natural History, University of Utah, Salt Lake CTT

Utah 84112, U.S.A.;

(LRH) Department of Zoology, Field Museum of Natural History, Chicago,

Illinois 60605, U.S.A.

A

Abstract.—Standard karyotypes of ten species of Philippine murine rodents

representing seven genera are reported for the first time, and new information

is presented for six additional species. Data now available from 25 species

(39% of the total Philippine murine fauna) reveal substantial karyotypic di-

versity, but also show differences among subgroups in the degree of interspe-

cific variability. Within some genera there are major karyotypic differences

between species whereas other groups appear to be highly conservative. These

data provide only limited information on phylogenetic relationships, but are

very useful in clarifying boundaries between groups. In some genera, speciation

events apparently have been accompanied by major chromosomal rearrange-

ments. Only a single case is now known of congeneric species having the same

karyotype on a single landmass.

As presently understood, the remarkably

diverse murine rodent fauna of the Philip-

pines includes 64 species belonging to 23

genera (Heaney et al. 1998). Of these, 55

species (86%) and 16 genera (70%) are en-

demic to the Philippines, a pattern that re-

flects relatively few successful colonization

events followed by repeated speciation and

diversification within this isolated archipel-

ago (Heaney & Rickart 1990). An earlier

report on karyotypes of several Philippine

murines (Rickart & Musser 1993) revealed

substantial diversity in chromosomal char-

acteristics, and provided some support for

phylogenetic relationships inferred from

morphology.

In this paper, we present new chromo-

somal data from 16 species of Philippine

murines representing 1 1 genera; this brings

the total to 25 species kairyotyped from the

Philippines. Included are the first reports on

chromosomes of three endemic genera {Ce-

laenomys, Limnomys, and Tarsomys), first

reports for species in the genera Apomys

and Chrotomys, and additional information

on species reported previously (Rickart &
Musser 1993, Rickart et al. 1998). We dis-

cuss the significance of this expanded data

set within the context of the alternative phy-

logenetic hypotheses posed by Musser &
Heaney (1992).

Methods

Specimens were collected directly from

wild populations during field studies con-

ducted in 1988 (on Catanduanes, Luzon,

and Negros islands), 1993 (Mindanao Is-

land), and 2001 (Luzon Island). Animals

captured in live traps were processed and

killed with sodium pentobarbital within 24

h of capture. Cells were prepared from bone

marrow and/or spleen tissue following in

vivo methodology (Patton 1967, as modi-

fied by Rickart et al. 1989). Material from

freshly killed animals caught in snap traps

was processed in vitro (Rickart et al. 1998).

Cells were processed and fixed in the field,
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and standard (non-differentially stained)

karyotypes were prepared from stored cell

suspensions. Giemsa-banded preparations

were made for some taxa (Seabright 1971).

Determinations of diploid number were

based on counts from a minimum of 10

cells per individual. Chromosome terminol-

ogy follows Rickart & Musser (1993). As
used here, fundamental number (FN) refers

to the number of major chromosome arms

in the entire complement (excluding very

minute arms). Because non-differentially

stained chromosomes seldom reveal the full

extent of variation (Haiduk et al. 1981), dif-

ferences between standard karyotypes are

considered minimal reflections of actual

differences, while apparent similarities are

interpreted cautiously. Statements regarding

possible directions of karyotypic change are

based on outgroup comparisons, not on a

priori assumptions as to the relative fre-

quency of chromosome fusion vs. fission,

or that common arrangements are primitive

(Qumsiyeh & Baker 1988).

The sampled taxa are in the subfamily

Murinae of the family Muridae, as defined

by Musser & Carleton (1993). Specimens

examined were prepared as complete skel-

etons or preserved in fluid and are depos-

ited in the Field Museum of Natural His-

tory, Chicago (FMNH), the National Mu-
seum of Natural History, Smithsonian In-

stitution, Washington (USNM), and the

Philippine National Museum, Manila
(PNM). Microscope slides and photomicro-

graph negatives are housed at the Utah Mu-
seum of Natural History, University of

Utah, Salt Lake City.

Specimens Examined

Phloeomys cumingi (Waterhouse, 1839).

—

Catanduanes Island, Catanduanes Province,

vicinity of Barrio Summit, elev. 250 m,

13°47'N, 124°19'E, 1 female (PNM speci-

men, EAR field number 1662).

Batomys saloinoiiseiu (Sanborn, 1953).

—

Mindanao Island, Bukidnon Province, Mount
Katanglad Range, 16.5 km S, 4 km E Camp

PhilHps, elev. 1,900 m, 8°10'30"N, 124°51'E,

1 female (FMNH 147929).

Batomys granti Thomas, 1895.—Luzon
Island, Kalinga Province, Balbalan Munic-

ipality, Balbalasang, Magdallao, elev. 1,600

m, 17°28'30"N, 12r04'30"E, 1 male
(FMNH 169125).

Archboldomys luzonensis Musser,

1982b.—Luzon Island, Camarines Sur

Province, Mount Isarog, 4 km N, 21.5 km
E Naga, elev. 1,350-1,750 m, 13°40'N,

123°22'E, 1 female, 1 male (USNM
573505, 573840).

Archboldomys musseri Rickart et al.,

1998.—Luzon Island, Kalinga Province,

Balbalan Municipality, Balbalasang, Am-li-

cao, 1,900 m, 17°26'30"N, 121°04'15"E, 1

male (FMNH 169122).

Crunomys suncoides Rickart et al.,

1998.—Mindanao Island, Bukidnon Prov-

ince, Mount Katanglad Range, 18.5 km S,

4 km E Camp Phillips, elev. 2,250 m,

8°9'30"N, 124°5rE, 1 male (FMNH
147942).

Mus musculus castaneus Waterhouse,

1843.—Negros Island, Negros Oriental

Province, Silliman Farm, Dumaguete, elev.

5 m, 09°18'N, 123°18'E, 1 female, 1 male

(USNM 459896, 459897).

Celaenomys silaceus (Thomas, 1895).

—

Luzon Island, Kalinga Province, Balbalan

Municipality, Balbalasang, Am-licao, elev.

1,800 m, 17°26'30"N, 121°04'15"E, 1 male

(FMNH 169132).

Chrotomys whiteheadi Thomas, 1895.

—

Luzon Island, Kalinga Province, Balbalan

Municipality, Balbalasang, Mapga, 1,050

m, 17°28'30"N, 12r04'30"E, 1 male

(FMNH 169139).

Rhynchomys isarogensis Musser & Free-

man, 1981.—Luzon Island, Camarines Sur

Province, Mount Isarog, 4 km N, 21.5 km
E Naga, elev. 1,350-1,750 m, 13°40'N.

123°22'E, 3 males (USNM 573575.

573905, 573910).

Apomys datae (Meyer, 1899).—Luzon

Island, Kalinga Province, Balbalan Munic-

ipality, Balbalasang, Mapga. 1,050 m.

17°28'30"N, 121°04'30"E, 3 males (FMNH
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Fig. 1. G-banded chromosomes of Phloeomys cuiningi female (EAR 1662), 2N = 44, FN = 66.

169051, 169065, 169066), Am-licao, 1,800

m, 17°26'30"N, 121°04'15"E, 1 male

(FMNH 169111).

Apomys hylocoetes Mearns, 1905.—Min-

danao Island, Bukidnon Province, Mount
Katanglad Range, 16.5 km S, 4 km E Camp
Phillips, elev. 1,900 m, 8°10'30"N,

124°51'E, 1 female, 1 male (FMNH 147871,

147872), 18.5 km S, 4 km E Camp Phillips,

elev. 2,250 m, 8°9'30"N, 124°51'E, 2 fe-

males, 2 males (FMNH 147875, 147878,

147880, 147914).

Apomys insignis Mearns, 1905.—Minda-

nao Island, Bukidnon Province, Mount Ka-

tanglad Range, 16.5 km S, 4 km E Camp
Phillips, elev. 1,900 m, 8°10'30"N, 124°

51'E, 1 female, 3 males (FMNH 147912,

147913, 147915, 147916).

Tarsomys apoensis Mearns, 1905.—Min-

danao Island, Bukidnon Province, Mount
Katanglad Range, 16.5 km S, 4 km E Camp
Phillips, elev. 1,900 m, 8°10'30"N, 124°

51'E, 3 males (FMNH 147953, 147955,

147956), 18.5 km S, 4 km E Camp Phillips,

elev. 2,250 m, 8°9'30"N, 124°51'E, 1 female,

2 males (FMNH 147957, 147960, 147969).

Limnomys sibuanus Mearns, 1905.

—

Mindanao Island, Bukidnon Province,

Mount Katanglad Range, 16.5 km S, 4 km
E Camp Phillips, elev. 1,900 m, 8°10'30"N,

124°51'E, 1 female, 1 male (FMNH
147944, 147946).

Limnomys sp.—Mindanao Island, Bukid-

non Province, Mount Katanglad Range,

16.5 km S, 4 km E Camp Phillips, elev.

2,250 m, 8°10'30"N, 124°51'E, 2 males

(FMNH 147972, 147975).

Results

Phloeomys cumingi. 2N = 44, FN = 66,

Fig. 1.—The standard karyotype of this

species, endemic to Luzon faunal region,

was described by Rickart & Musser (1993).

The autosomal complement includes 8 pairs

of metacentric or submetacentric and 1

1

pairs of telocentric chromosomes. The sub-

metacentric X chromosome is the largest el-

ement in the karyotype, and the submeta-

centric Y chromosome is only slightly

smaller. In a G-banded preparation, here re-

ported for the first time, some band patterns
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Fig. 2. Chromosomes of: A, Archboldomys liizoiiensis male (USNM 573505), 2N = 26, FN = 43. G-banded

preparation, with (inset) sex chromosomes of female (USNM 573840); B, Archboldomys miisseh male (FMNH
169122), 2N = 44(?), in-vitro preparation from a snap-trapped specimen, identity of sex chromosomes tentative.

are seen on all but the smallest chromo-

somes allowing most pairs to be matched

accurately.

Batomys granti. 2N = 52; FN = 52, not

figured.—The karyotype of a specimen of

this Luzon endemic from Kalinga Province

in northern Luzon consists of 52 telocentric

chromosomes, and is indistinguishable from

that reported for specimens from Mt. Isarog

in southern Luzon (Rickart & Musser

1993).

Batomys salomonseni. 2N = 52, FN =

52, not figured.—The standard karyotype

of a specimen from Mindanao appears to

be identical to that reported for specimens

of this species from Leyte, and is indistin-

guishable from the standard karyotype of fi.

granti (Rickart & Musser 1993).

Archboldomys luzonensis. 2N = 26, FN
= 43, Fig. 2A.—The standard karyotype of

this species, restricted to Mt. Isarog in

southern Luzon, was described by Rickart
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& Musser (1993). The autosomes include 8

biarmed and 4 telocentric chromosome
pairs. The submetacentric X chromosome is

the largest element in the karyotype, and

the Y is small and telocentric. In the one

available female specimen, the X chromo-

some is paired with a large telocentric ele-

ment. G-banded preparations, here reported

for the first time, reveal distinct banding

patterns on all autosomes. The long arm of

the X chromosome and the large telocentric

chromosome of the female appear to have

some homologous G-banding. The smaller

telocentric Y chromosome also has a dis-

tinct band pattern.

Archboldomys musseri. 2N = 44?; FN =

?, Fig. 2B.—A poor-quality in vitro prepa-

ration from a male specimen yielded pre-

liminary information on the chromosomes

of this species which is restricted to north-

ern Luzon. A diploid number of 44 is es-

timated for a complement consisting largely

of telocentric elements. The X chromosome
is tentatively identified as the largest ele-

ment and the Y chromosome may be a

small, telocentric element.

Crunomys suncoides. 2N = 36, FN = 36,

Fig. 3A.—Rickart et al. (1998) made a pre-

liminary report on the karyotype of this

species, which is known only from Mount
Katanglad, Mindanao. Cells from a single

male specimen processed in vitro contain

36 telocentric chromosomes. Based on rel-

ative size, we tentatively identify the X
chromosome as one of the largest elements

in the karyotype, and the Y chromosome as

one of the smallest.

Mus musculus castaneus. 2N = 40, FN
= 40, Fig. 3B.—Specimens of the non-na-

tive Asian house mouse from Negros Island

have a karyotype of 40 telocentric ele-

ments, comparable to those documented for

specimens from Thailand (Markvong et al.

1973).

Celaenomys silaceus. 2N = 44, FN = 52,

Fig. 4A.—The karyotype of this species,

belonging to a monotypic genus restricted

to northern Luzon, is here reported for the

first time. It includes 2 pairs of small meta-

centric, 1 pair of large submetacentric, 1

pair of large subtelocentric, and 18 pairs of

small to large-sized telocentric elements.

The X and Y chromosomes cannot be dis-

tinguished from the autosomes, but presum-

ably are included within the telocentric se-

ries.

Chrotomys whiteheadi. 2N = 38, FN =

52, Fig. 4B.—The karyotype of this spe-

cies, a northern Luzon endemic, is here re-

ported for the first time. It consists of 2

pairs of small metacentric, 4 pairs of me-

dium to large-sized submetacentric, 1 pair

of large subtelocentric, and 12 pairs of

small to large-sized telocentric chromo-

somes. The sex chromosomes are telocen-

tric and cannot be distinguished from the

autosomes.

Rhynchomys isarogensis. 2N = 44, FN
= 52, not figured.—The karyotype of this

species was first described by Rickart &
Musser (1993). Reexamination of material

from male specimens reveals that the Y
chromosome is telocentric rather than sub-

metacentric as reported previously. The

standard karyotype is indistinguishable

from that of Celaenomys (Fig. 4A).

Apomys datae. 2N = 44, FN = 54, Fig.

5A.—This is the first report on the karyo-

type of this species which is restricted to

northern Luzon Island. The autosomal com-

plement includes 5 pairs of small to large-

sized biarmed chromosomes and 16 pairs of

small to medium-sized telocentric elements.

The X chromosome is large and telocentric,

and the Y chromosome is small and telo-

centric.

Apomys hylocoetes. 2N = 48, FN = 56,

Fig. 5B.—The karyotype of this species, a

Mindanao Island endemic, is here reported

for the first time. It includes 1 pair of small

submetacentric, 3 pairs of small subtelocen-

tric, and 20 pairs of small to large-sized

telocentric chromosomes. Both sex chro-

mosomes are telocentric and cannot be dis-

tinguished from the autosomal complement.

Apomys insignis. 2N = 36, FN = 72, Fig.

5C.—This is the first report on the chro-

mosomes of this species which is restricted
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Fig. 3. Chromosomes of: A, Cninomys simcoides male (FMNH 147942), 2N = 36, FN = 36, in vitro

preparation from a snap-trapped specimen, identity of sex chromosomes tentative; B, Mus imisciilus male (USNM
459896), 2N = 40, FN = 40.

to the Mindanao faunal region. Available

material was prepared in vitro from snap-

trapped specimens. The karyotype consists

entirely of biarmed chromosomes, includ-

ing 5 pairs of small to large-sized metacen-

tric, 3 pairs of large submetacentric, and 10

pairs of subtelocentric elements. The sex

chromosomes cannot be distinguished from

the autosomes, but presumably aie included

within the subtelocentric series.

Limnomys sibuanus. 2N = 42, FN = 61/

62, Fig. 6A.—This is the first report on the

chromosomes of this species, which is en-

demic to Mindanao Island. Available ma-

terial was prepared in vitro from snap-

trapped specimens, and quality is relatively

poor. The autosomal complement includes

7 metacentric or submetacentric, 2 subtel-

ocentric, and 1 1 telocentric pairs. The X
chromosome is medium-sized and subtelo-
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Fig. 4. Chromosomes of: A, Celaenomys silaceus male (FMNH 169132), 2N = 44, FN = 52; B, Chrotomys

whiteheadi male (FMNH 169139), 2N = 38, FN = 52. The sex chromosomes cannot be distinguished from the

autosomes in either karyotype.

centric, and the telocentric Y chromosome
is the smallest element in the karyotype.

Limnomys sp. 2N = 42, FN = 61/62, Fig.

6B.—The standard karyotype of an unde-

scribed species of Limnomys from Mount
Katanglad, Mindanao Island, is here report-

ed for the first time. It appears to be iden-

tical to that of Limnomys sibuanus.

Tarsomys apoensis. 2N = 42, FN = 61/

62, Fig. 6C.—The standard karyotype of

this species, endemic to Mindanao Island,

is here reported for the first time. The au-

tosomes and the X chromosome appear to

be identical to those of Limnomys, but the

telocentric Y chromosome is substantially

larger.

Discussion

In a review of morphological character-

istics of Philippine murines, Musser & Hea-

ney (1992) recognized three principal
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Fig. 5. Chromosomes of: A, Aponiys clatae male (FMNH 16905 1 ), 2N = 44, FN = 54; B. Apoiiiys hylacoetes

female (FMNH 147880), 2N = 48, FN = 56: C, Apomys iuslgnis male (FMNH 147915), 2N = 36. FN = 72.

in vitro preparation from a snap-trapped specimen. The sex chromosomes cannot be distinguished from the

autosomes in these karyotypes.
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Tarsomys apoensis male (FMNH 147960), 2N = 42, FN = 61.
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groups of genera and formulated alternative

hypotheses regarding their potential phylo-

genetic relationships. Our discussion of

chromosomal characteristics is framed

within this context.

The genus Phloeomys includes two
named species of large, arboreal, folivorous

rats: P. cumingi from southern Luzon and

adjacent islands of Catanduanes and Marin-

duque, and P. pallidus from central and

northern Luzon (Heaney et al. 1998). Al-

though Phloeomys is morphologically dis-

tinct from other Philippine murines, Musser

& Heaney (1992) considered a relationship

with the CrateromyslBatomys group as one

alternative hypothesis. Based on non-differ-

entially stained chromosomes, Rickart &
Musser (1993) estimated a minimum of two

Robertsonian and three non-Robertsonian

events separating the karyotypes of P. cum-

ingi (2N = 44, FN = 66) and P. pallidus

(2N = 40, FN = 60). A comparison of the

Giemsa-banded preparation from P. cum-

ingi (Fig. 1) with published karyotypes of

P. pallidus (Jotterand-Bellomo & Schauen-

berg 1988:183-184, figs. 2 & 3) reveal

some additional differences. Although the

preparations differ in the degree of chro-

mosome condensation, the absence of any

obvious arm homologies suggests that

banding patterns have been altered through

multiple non-Robertsonian events. The X
chromosomes of the two species also ap-

pear to differ.

The arboreal and scansorial rats of the

folivorous genera Batomys, Carpomys, and

Crateromys are united by a suite of derived

morphological features (Musser & Heaney

1992, Musser et al. 1998). Within this

group, chromosomal data are available only

for Batomys granti and B. salomonseni.

Specimens from four population samples

(two of each species) have indistinguishable

standard karyotypes of 52 telocentric chro-

mosomes (Rickart & Musser 1993:5, fig. 2).

The high diploid number and predominance

of telocentric elements in the Batomys kar-

yotype are characteristics that have been

considered primitive for murines (Viegas-

Pequignot et al. 1983, 1985). Although this

has been accepted as a working hypothesis

(Rickart & Musser 1993), there is no in-

dependent evidence to support it. The kar-

yotype of Batomys and those of Phloeomys

differ substantially, providing no support

for a hypothesized close relationship be-

tween these groups of arboreal rats (Musser

& Heaney 1992). Batomys, the shrew rats

(Fig. 4; Rickart & Musser 1993:9, fig. 6),

and Apomys musculus (Rickart & Musser

1993:6, fig. 3B), all have FN = 52. How-
ever, this resemblance may be entirely co-

incidental as there are no morphological

characteristics that support a particularly

close association of Batomys with these

taxa (Musser & Heaney 1992).

The genus Archboldomys is endemic to

Luzon Island and includes two named spe-

cies, A. luzonensis and A. musseri (Musser

1982b, Rickart et al. 1998). Rickart & Mus-
ser (1993) reported the standard karyotype

of A. luzonensis (2N = 26, FN = 43) and

discussed an aberrant sex chromosome ar-

rangement in that species. Three male spec-

imens all have a karyotype that includes a

large submetacentric X chromosome (the

largest element in the complement) and a

small telocentric Y chromosome. In Giem-

sa-banded preparations (Fig. 2A), the X
chromosome appears similar to that of

Phloeomys (Fig. 1). The faint banding on

the long arm is probably the same pattern

seen among many murines (Baverstock et

al. 1983, Gadi & Sharma 1983, Jotterand-

Bellomo & Schauenberg 1988). The other

arm is apparently unhanded and heterochro-

matic, which also is common among mu-

rines (Baverstock et al. 1977, Gadi & Shar-

ma 1983). The one available female speci-

men of A. hizonicus (which was phenotyp-

ically normal and pregnant when captured)

is heterozygous for what appears to be an

X chromosome deletion involving the loss

of the heterochromatic arm (Fig. 2A, inset).

Information on the chromosomes of

Archboldomys nnisseri is limited to a poor-

quality in vitro preparation from one male

specimen (Fig. 2B), but it is sufficient to
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reveal substantial differences from A. lu-

zonensis. Although the diploid number of

44 is an estimate, chromosome counts from

multiple cells from this specimen were con-

sistently greater than the 2N = 26 of A.

luzonensis, and there appear to be more

telocentric elements. The relative size of the

presumed X chromosome (the largest ele-

ment) is the only clear similarity between

the two karyotypes.

Archboldomys and Crunomys share fea-

tures of external, cranial, and dental mor-

phology, and have been considered close

relatives (Musser 1982b, Musser & Heaney

1992). However, their similarities may rep-

resent shared primitive traits or simply re-

flect ecological convergence as relatively

small, insectivorous "shrew-mice" (Rickart

et al. 1998). Chromosomal data do not in-

dicate a close relationship. Crunomys sun-

coides (Fig. 3A) resembles A. luzonensis in

having a relatively low fundamental num-
ber compared to other endemic Philippine

murines (Rickart & Musser 1993), but the

entirely telocentric complement is consid-

erably different from the Archboldomys

karyotypes.

Aside from Crunomys, relatively few of

the Asian murines that have been karyo-

typed have complements that are wholly

telocentric (Rickart & Musser 1993:22, fig.

8). Batomys is the only other native Phil-

ippine murine that does, but it has a much
higher diploid number than does Crunomys.

Furthermore, the two genera have very dis-

similar morphologies and are not thought to

be closely related (Musser & Heaney 1992,

Musser et al. 1998, Rickart et al. 1998). The
standard karyotype of Crunomys most
closely resembles those of Cremnomys
from peninsular India (2N = 36; FN = 36-

37; Gadi & Sharma 1983), but this may
only be coincidental since there are no mor-

phological features that link the two genera

(Wroughton 1912, Rickart et al. 1998). Sev-

eral species of Mus, including the commen-
sal M. musculus castaneus (Fig. 3B), also

have karyotypes consisting entirely or pre-

dominantly of telocentric elements, with

diploid numbers ranging from 26 to 48

(Rickart & Musser 1993:17, table 1). Fur-

thermore, members of the Asian subgenus

Coelomys also have "shrew-mouse" mor-

phologies with external, cranial, and dental

similarities to Crunomys (Marshall 1977,

Musser & Newcomb 1983). As with Arch-

boldomys, however, Mus {Coelomys) retains

a primitive cephalic arterial pattern and has

morphological specializations that distin-

guish it from Crunomys and may preclude

a close relationship (Musser & Newcomb
1983, Musser & Heaney 1992).

The endemic genera Chrotomys, Celae-

nomys, and Rhynchomys include seven spe-

cies of large-bodied Philippine "shrew-

rats". Each has morphological specializa-

tions that reflect vermivorous habits (Rick-

art & Heaney 1991, Rickart et al. 1991,

Musser & Heaney 1992, Heaney et al.

1999). The morphological differences be-

tween Rhynchomys and the other two gen-

era are so distinct that Thomas (1895, 1898)

placed them in different murid subfamilies.

However, because they share many derived

morphological traits, Musser and Heaney

(1992) postulated monophyly of the three

shrew-rat genera.

Chromosomally, the shrew-rats are a

comparatively uniform group. The standard

karyotype of Celaenomys silaceus (Fig.

4A) is identical to those of Rhynchomys is-

arogensis (as reanalyzed in this study) and

Chrotomys gonzalesi (Rickart & Musser

1993:9, fig. 6). All have 2N = 44, FN =

52, with two pairs of very small metacentric

chromosomes, one pair of large submeta-

centric, a pair of large subtelocentric, and

18 pairs of telocentric chromosomes.
Among Philippine murines with known
karyotypes, this particular arrangement is

unique to shrew-rats. The karyotype of

Chrotomys whiteheadi (2N = 38, FN = 52;

Fig. 4B) is distinctive within this otherwise

chromosomally conservative group. It dif-

fers from the 2N = 44 arrangement of Ce-

laenomys and the other shrew-rats by three

Robertsonian translocations, involving the

substitution of three submetacentric chro-
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mosome pairs for six pairs of telocentric el-

ements.

Chromosomal evidence appears to sup-

port monophyly of shrew-rats. Furthermore,

the distribution of karyotypes among the

four species strongly suggests that the 2N
= 38 karyotype of Chrotomys whiteheadi

is a novel arrangement derived through cen-

tric fusion from the 2N = 44 karyotype.

With about 14 species, Apomys is the

largest endemic genus of Philippine mu-
rines (Heaney et al. 1998). Chromosomally,

it is also the most variable genus. Karyo-

types are available for six species, each of

which is unique (Figs. 5 & 6; Rickart &
Musser 1993). Diploid and fundamental

numbers range from 30 to 48, and from 50

to 88, respectively, indicating a variety of

chromosomal rearrangements including

both Robertsonian and non-Robertsonian

events. The karyotype ofApomys datae (2N
= 44, FN = 54; Fig. 5A) closely resembles

that of A. musculus (2N = 42, FN = 52;

Rickart & Musser 1993:6, fig. 3b). Both

have similar diploid and fundamental num-
bers, include apparently homologous bi-

armed chromosome pairs, and have a pre-

dominance of telocentric elements.

Other Apomys species that have been

karyotyped have arrangements that depart

significant from those of A. datae and A.

musculus. An undescribed species from

Leyte Island (previously reported as A. lit-

toralis) has a karyotype of 2N = 44, FN =

88 (Rickart & Musser 1993:6, fig. 3a). It

differs from A. datae by a series of non-

Robertsonian events resulting in an entire

complement of biarmed chromosomes. In

contrast, the karyotype of an undescribed

species from Negros Island with 2N = 30,

FN = 50 (Rickart & Musser 1993:7, fig. 4)

represents a departure in a different direc-

tion, involving reduced diploid number and

the loss of some chromosome arms.

Apomys hylocoetes and A. insignis are

morphologically similar species that occur

sympatrically on Mindanao Island (Musser

1982a). They have nearly identical cyto-

chrome b sequences, and appear to be sis-

ter-species (Steppan et al. in prep.). Al-

though closely related, these species exhibit

major chromosomal differences. The kar-

yotype of Apomys hylocoetes (2N = 48, FN
= 56; Fig. 5B) consists predominantly of

telocentric elements, whereas that of Apo-

mys insignis (2N = 36, FN = 72; Fig. 5C)

is composed entirely of biarmed elements.

These arrangements differ from one another

and from karyotypes of congeners by mul-

tiple events, both Robertsonian and non-

Robertsonian.

The pattern of chromosomal variation

within Apomys provides evidence of a close

phylogenetic relationship with the shrew-

rats, as hypothesized by Musser & Heaney

(1993). In his review of the genus, Musser

(1982a) separated Apomys datae from all

other Apomys species based on its larger

body size and pattern of cephalic arterial

circulation. In both respects, it resembles

the large shrew-rats (Musser & Heaney

1993). Apomys datae also is the most basal

species in a molecular phylogeny of the ge-

nus (Steppan et al. in prep.). The close sim-

ilarities between the karyotypes of A. datae

(Fig. 5A), A. musculus (Rickart & Musser

1993), and the shrew-rats (Fig. 4), suggest

that these arrangements are relatively prim-

itive whereas those of other Apomys rep-

resent novel derivations in several different

directions.

Limnomys and Tarsomys, together with

Abditomys, Tryphomys and Bullimus, con-

stitute a group of "new endemic" Philip-

pine genera that share derived moi-pholog-

ical features with the highly derived genus

Rattus, and are phylogenetically distinct

from other native Philippine murines (Mus-

ser & Heaney 1992). Available data dem-

onstrate that this assemblage is chromosom-

ally conservative. Standard karyotypes of

Bullimus and Rattus (Rickart & Musser

1993) and of Limnomys and Tarsomys (Fig.

6) have 2N = 42 and show little diversity

in gross chromosome morphology. How-
ever, the Y chromosome is variable within

this group. It is by far the smallest element

in Linmomys (Fig. 6B). but is a substan-
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tially larger telocentric element in both Tar-

somys (Fig. 6C) and Rattus everetti (Rickart

& Musser 1993:10, fig. 7B).

Of the 64 species of murine rodents

known to occur in the Philippines (Heaney

et al. 1998), karyotypes are available for 25

species in 13 genera (Jotterand-Bellomo &
Schauenberg 1988; Rickart & Musser 1993;

this report). These data reveal substantial

chromosomal variation within the entire as-

semblage, and major differences in the ap-

parent rate of chromosomal evolution with-

in separate genera. Batomys and Crunomys

have distinctive yet wholly telocentric kar-

yotypes, arrangements that have been char-

acterized as relatively primitive for murines

(Viegas-Pequignot et al. 1983, 1985; Rick-

art & Musser 1993). Phloeomys and Arch-

boldomys are chromosomally distinct from

other murines, and both genera show sub-

stantial karyotypic variation at the species

level. The chromosomal diversity of Apo-

mys is remarkable, and includes major dif-

ferences in the karyotypes of presumed sis-

ter-species.

The chromosomal data support two of

the major phylogenetic hypotheses posed

by Musser & Heaney (1992) based on their

study of comparative morphology: (1)

monophyly of the shrew-rat genera Celae-

nomys, Chrotomys, and Rhynchomys, and

(2) a close relationship between the Apomys
and the shrew-rats. The data also strongly

support clustering of the endemic genera

Bullimus, Limnomys, and Tarsomys with

Rattus as a group distinct from other Phil-

ippine murines, but they provide no reso-

lution within this cluster. Available data are

not informative on the relationships of other

Philippine genera.

Although standard karyotypes provide

only limited insight into the phylogenetic

relationships of Philippine murines, they

have been extremely useful in clarifying

taxonomic boundaries. Furthermore, the

karyotype data reveal an emergent geo-

graphic pattern. Of the six endemic murine

genera for which two or more species have

been karyotyped {Phloeomys, Batomys,

Archboldomys, Chrotomys, Apomys, and

Tarsomys), congeneric species have karyo-

typic differences in 14 of 16 comparisons.

Of the two cases in which there are no not-

ed differences, one {Batomys) involves spe-

cies occurring in different faunal regions. In

only one case {Limnomys) are species with

similar standard karyotypes found in the

same faunal region. The geographic pat-

terning of chromosomal variation in mu-

rines resembles the more extensive pattern

documented for Philippine bats (Rickart et

al. 1999). The substantial differences ob-

served among closely related taxa suggest

that karyotypic change has been a causal

factor in some speciation events.
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A new species of Habromys (Muroidea: Neotominae) from Mexico,

with generic review of species definitions and remarks on diversity

patterns among Mesoamerican small mammals restricted to humid
montane forests

Michael D. Carleton, Oscar Sanchez, and Guillermina Urbano Vidales

(MDC) Department of Systematic Biology, Division of Manomals, National Museum
of Natural History, Smithsonian Institution, Washington, D.C. 20560-0108, U.S.A.;

(OS), Avenida Ixtlahuaca 609, Col. Sanchez, Toluca 50040, Estado de Mexico, Mexico;

(GUV), Departamento de Zoologia, Instituto de Biologia, UNAM Circuito exterior s/n,

Ciudad Universitaria, Coyoacan, A.P. 70-153, D.F., Mexico 04510

Abstract.—A new species of Habromys, H. delicatulus, is described from

an isolated patch of cloud forest situated on a northern exposure of the Cor-

dillera Neovolcanica, Estado de Mexico. The species is the smallest so far

known in the genus and is further characterized by its delicate cranial features.

Morphometric comparisons with the five other species-group taxa currently

allocated to the genus recommend the elevation of ixtlani Goodwin, 1964, as

a species distinct from Habromys lepturus (Merriam, 1898). Habromys lophu-

rus (Merriam, 1908), known from highlands east of the Isthmus of Tehuante-

pec, appears to be the sister taxon to the former pair, each restricted to separate

Oaxacan ranges west of the Isthmus. Habromys chinanteco (Robertson & Mus-
ser, 1976) is retained as a species, but its possible status as a junior synonym
under H. simulatus (Osgood, 1904) warrants continued investigation with im-

proved samples. The montane distribution of Habromys in naturally discontin-

uous humid-forest associations of northern Mesoamerica is considered in the

context of diversity patterns summarized for other small terrestrial mammals
confined to such forests.

Resumen.—Se describe una nueva especie de Habromys, H. delicatulus, de

un manchon aislado de bosque mesofilo de montaila situado en una ladera de

la Cordillera Neovolcanica expuesta al norte, en el Estado de Mexico. La es-

pecie se caracteriza por sus rasgos craneanos delicados y por su tamaiio pe-

queiio, el mas pequeho conocido hasta ahora para el genero. Comparaciones

morfometricas de los otros cinco taxa (grupos de especies) actualmente in-

cluidos en el genero, recomiendan la elevacion de Peromyscus ixtlani Goodwin,

1964, al estado de especie distinta de Habromys lepturus (Merriam, 1898).

Habromys lophurus (Merriam, 1908) conocido de tierras altas al este del Istmo

de Tehuantepec, parece ser taxon hermano del par antes mencionado, cada uno

de cuyos miembros esta restringido a sierras Oaxaqueiias separadas, ambas al

oeste del Istmo. Habromys chinanteco (Robertson y Musser, 1976) se retiene

como especie, pero su posible estado como sinonimo menor bajo H. simulatus

(Osgood, 1904) amerita continuar la investigacion con mejores muestras. Se

pondera la distribucion montanesa de Habromys en asociaciones naturalmente

discontinuas de bosque humedo del norte de Mesoamerica, en el contexto de

los patrones de diversidad resumidos para otros mamiferos terrestres pequeiios

confinados a esos bosques.
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In April and May 1985, an exploratory

survey of small mammals in the northern

part of the State of Mexico uncovered sev-

eral kinds of rodents that inhabited montane

forest near the town of Jilotepec. Among
the species samples collected in a cool,

moist ravine were several specimens of a

small-bodied mouse with a relatively short,

hairy tail and large pinnae. Subsequent mu-
seum study has convinced us that this dis-

tinctive species represents an unnamed
form of the genus Habromys (sensu Carle-

ton 1989) that we name and describe here-

in. The necessity of performing critical

comparisons to other Habromys afforded us

the opportunity to systematically review the

genus and to amplify the geographic distri-

bution of named forms based on unreported

material. Finally, the humid forest, montane

habitus of the genus encouraged compari-

son of distributional patterns among other

species of small terrestrial mammals in Me-
soamerica.

Materials and Methods

Specimens reported herein consist prin-

cipally of skins with their associated skulls

and are contained in the following muse-

ums and institutions: American Museum of

Natural History, New York City (AMNH);
Monte L. Bean Life Science Museum,
Brigham Young University, Provo (BYU);
Field Museum of Natural History, Chicago

(FMNH); Collecion Nacional de Mamifer-

os, Instituto de Biologia, Universidad Na-
cional Autonoma de Mexico, Mexico City

(CNMA); Museum of Natural History, Uni-

versity of Kansas, Lawrence (KU); Muse-
um of Vertebrate Zoology, University of

California, Berkeley (MVZ); Museum of

Zoology, University of Michigan, Ann Ar-

bor (UMMZ); National Museum of Natural

History, Smithsonian Institution, Washing-

ton, D.C. (USNM).
Nineteen craniodental variables were

measured to 0.01 mm, using hand-held dig-

ital calipers while viewing crania under a

stereomicroscope. These measurements.

and their abbreviations as used in text and

tables, include: occipitonasal length (ONL);

greatest zygomatic breadth (ZB); breadth of

braincase (BBC); height of braincase

(HBC); breadth across the occipital con-

dyles (BOC); least interorbital breadth

(lOB); length of rostrum (LR); breadth of

rostrum (BR); postpalatal length (PPL);

length of the bony palate (LBP); length of

the upper diastema (LD); length of left in-

cisive foramen (LIF); breadth of the inci-

sive foramina (BIF); breadth of palate be-

tween the first molars (BMls); width of me-

sopterygoid fossa (WMF); breadth of the

zygomatic plate (BZP); coronal length of

the maxillary toothrow (CLM); width of the

first upper molar (WMl); and breadth

across the upper incisor tips (BIT). In ad-

dition, standard external dimensions and

body mass (weight in grams) were tran-

scribed from skin tags as given by the col-

lector: total length (TOTL), tail length

(TL), hindfoot length (HFL), and ear length

(EL).

Except for the large series of H. lepturus

ixtlani collected from the slopes of Cerro

Pelon, northern Oaxaca, most locality sam-

ples of Habromys in collections are small,

typically numbering from 3 to 10 speci-

mens. For analytical purposes, 13 opera-

tional taxonomic units (OTUs), several

composed of specimens from nearby local-

ities, were recognized, listed below accord-

ing to current species taxonomy. Full pro-

venience and catalog numbers are provided

in the Taxonomic Summary.
Habromys chinanteco: OTU 1—Mexico,

Oaxaca, NE slopes Cerro Pelon, Vista Her-

mosa and vicinity (n = 6).

H. lepturus ixtlani: OTU 2—Mexico,

Oaxaca, NE slopes Cerro Pelon, Vista Her-

mosa and vicinity (n = 51); OTU 3—Mex-
ico, Oaxaca, Cerro Machin (n = 26); OTU
4—Mexico, Oaxaca, SW slopes Cerro Pe-

lon, Llano de las Flores and vicinity (n =

68).

H. I. lepturus: OTU 5—Mexico, Oaxaca,

upper slopes of Cerro Zempoaltepec (n =

35).
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//., new species: OTU 6—Mexico, Mex-
ico, near Jilotepec (n = 7).

H. lophurus: OTU 7—Mexico, Chiapas,

Pinabete and Triunfo (n = 11); OTU 8—
Mexico, Chiapas, San Cristobal and Cerro

Tzontehuitz (n = 5); OTU 9—Guatemala,

Huehuetenango, near San Juan Ixcoy and

Todos Santos (n = 14); OTU 10—Guate-
mala, Huehuetenango, Santa Eulalia (n =

15); OTU 11—El Salvador, Chalatenango,

Los Esesmiles (n = 4).

H. simulatus: OTU 12—Mexico, Sierra

Madre Oriental, sites in Hidalgo and Vera-

cruz (n = 4); OTU 13—Mexico, Oaxaca,

near Puerto de la Soledad (n = 3).

Standard descriptive statistics (mean,

range, standard deviation, coefficient of

variation) were derived for the OTUs. One-

and two-way analyses of variance, discrim-

inant functions, and principal component
analyses were computed using the 19 cran-

iodental variables, all of which were first

transformed to natural logarithms. Principal

components were extracted from the vari-

ance-covariance matrix, and loadings are

expressed as Pearson product-moment cor-

relation coefficients of the components with

the original cranial variables. Means and

ranges of external variables are provided as

a guidance in identification (see Appendix

1) but were not considered in multivariate

analyses. All analytic procedures were con-

ducted using Systat (Version 9.01, 1998), a

series of statistical routines developed for

microcomputers.

The occurrence of small terrestrial mam-
mals restricted to montane forest associa-

tions was summarized for seven Mesoam-
erican mountainous regions (Table 6),

whose names as employed in the text and

geographic limits are understood as fol-

lows: (1) Cordillera Neovolcanica; (2) Si-

erra Madre Oriental; (3) Oaxacan High-

lands—principally the Sierras de Juarez,

Zempoaltepec, Aloapaneca, Cuatro Vena-

dos, Yucuyacua in northcentral Oaxaca; (4)

Sierra Madre del Sur-West—the highland

block in central Guerrero, mostly localities

in the Sierra de Atoyac; (5) Siena Madre del

Sur-East—coastal ranges in southern Oaxa-

ca, principally the Sierra de Miahuatlan;

(6) Nuclear Central America sensu Savage

(1982) and others—highlands of northern

Central America between the Isthmus of

Tehuantepec and Nicaraguan Depression;

and (7) Talamancan Highlands—the high-

land block in southern Central America,

principally the Cordilleras Tilaran, Central,

and de Talamanca of Costa Rica, and Chi-

riqui of western Panama. Humid montane

forest is broadly used herein, referring to

cloud forest (Rzedowski 1986) of middle

elevations as well as pine-oak and pine-

oak-fir associations of middle to upper el-

evations (also see, Hernandez-Banos et al.

1995). These forest communities embrace

the Subtropical Rainforest and Wet Forest,

Lower Montane Wet and Moist Forest, and

Montane Wet and Moist Forest zones of

Holdridge (1967).

Faunal similarities among the seven

mountain regions were assessed by means

of the Jaccard Index and parsimony analy-

sis of endemism. The Jaccard Index is a

matching coefficient for binary data that

scales similarity to range from to 1:

Nc
Jaccard Index =

N, N, - Nc

where N, = the number of species present

at site 1 , Nj = the number of species at site

2, and N^ = the number of species common
to both sites (Hayek, 1994). The indices

from the pairwise comparisons were clus-

tered using a nearest-neighbor routine as

implemented by Systat. Parsimony analysis

of endemism (PAE, Rosen & Smith 1988)

associates pre-defined geographic aieas ac-

cording to their shared taxa by the criterion

of maximum parsimony, by analogy treat-

ing areas as taxa and species occunence

(absence-presence, 0-1) as characters (Ta-

ble 6). We used PAUP*, version 4.0b8

(Swofford 2001), to find area-relationship

trees of minimal length, using the branch-

and-bound option and the accelerated trans-

formation routine to optimize intermediate

character state transformations. Chaiacters
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were unweighted, and trees were rooted us-

ing a hypothetical outgroup devoid of all

species.

Habromys delicatulus, new species

Figs. 1-3, 12; Appendix 1

Holotype.—CNMA 22439, an adult male

prepared as skin, skull, partial skeleton (tib-

iae, fibulae, and right femur missing), and

phallus in fluid; collected 15 April 1985 by

Oscar Sanchez (original number OSH 580).

The general condition of both skin and

skull is good. However, the extreme tip of

the tail is loosely attached, and the thin arch

of pterygoid bone that forms the ventral rim

of the left foramen ovale accessorius, at the

posterolateral corner of the parapterygoid

fossa, is missing.

External measurements recorded (in mm)
on the skin tag include total length, 159; tail

length, 80; hindfoot length, 19; and ear

length, 18.5. The weight is given as 12.5

grams. The animal was noted as having

scrotal testes, measuring 6X4 mm in size.

Type locality.—Mexico, Estado Mexico,

Municipio Jilotepec, Dexcani Alto, 2 km E
and 3.5 km S Jilotepec, Cailada de la Er-

mita, 2570 m (19°56'N, 99°30'W).

Diagnosis.—A species of Habromys
characterized by tiny size (total length =

150-165 mm; occipitonasal length = 22—

24 mm; maxillary toothrow = 3.2-3.5

mm); cranium gracile in appearance with

short, slender rostrum, thin zygomatic arch-

es, and narrow zygomatic plate; interpari-

etal comparatively narrow, its lateral apices

separated from squamosal by a broad gap;

tail approximately as long as length of head

and body; pinna relatively long and wide,

auditory bulla (ectotympanic) relatively ex-

panded.

Referred specimens.—Six, all collected

from the type locality: CNMA 22437, sub-

adult male, skin and skeleton, collected 22

May 1985 by Juan Galvan S. (JGS);

CNMA 22438, young female, skin and

skeleton, collected 22 May 1985 by JGS;

CNMA 22440, female, skin and skeleton,

collected 22 May 1985 by Oscar Sanchez

(OSH); CNMA 22441, male, skin and skel-

eton, and stained baculum, collected 17

April 1985 by OSH; CNMA 22442, male,

skin and skeleton, collected 22 May 1985

by OSH; CNMA 25908, male, skin, skull,

and body in alcohol, collected 6 September

1986 by OSH.
Description.—Small size evident in all

quantified dimensions of the skin and skull

(Appendix 1). General effect of the upper-

parts medium to rich brown, not apprecia-

bly darker over the middle dorsum as in

some Habromys. Fur soft, fine, and dense,

the cover hairs averaging about 5-6 mm
long and the fine guard hairs 8-10 mm long

over the midrump. Individual cover hairs

shiny lead gray over their basal three-quar-

ters, tipped with a short band of bright buff

and usually an extremely short dark termi-

nal band. Buffy band more intense along

the sides, approaching ochraceous and sug-

gesting a more or less well defined lateral

line in some specimens, particularly along

the hindquarters. Area of brownish black

extending from side of rostrum to and

around the eye as an indistinct eye ring.

Tops of forefeet white to the carpus. Un-

derparts appear bright gray or grayish-

white, an impression formed by the lustrous

white tips of the ventral cover hairs incom-

pletely obscuring their plumbeous bases.

Hairs of the chin and throat typically white

to the base.

The longest mystacial vibrissae measure

30-35 mm and extend appreciably beyond

the dorsal rim of the pinnae when appressed

to the side of the head.

Pinnae proportionally large and promi-

nent, about as long as the hindfoot (Fig. 1).

Externally, darkly pigmented and covered

by short, dusky brown hairs that become
denser towards the anterior and dorsal rim;

internally, more lightly pigmented and less

heavily furred, nearly naked and flesh-col-

ored at the concha. As a general impression,

pinna coloration blends with that of the dor-

sum.
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Fig. L Dorsal view (about natural size) of tlie study skins of small Hahromys. Left. H. delicatulus, new

species (CNMA 22439, holotype). an adult male from Cariada de la Ermita, Mexico; right, H. chiiianteco

(AMNH 254780). an adult female from 16 mi SSW La Esperanza, Oaxaca.
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Length of tail vertebrae more or less

equal to the head and body. Caudal hairs

moderately long, obscuring scalar pattern

except near the base; hairs becoming more

elongate and weakly penicillate toward the

tip; tail bicoloration moderately defined,

dark brown above and white below, though

dorsal-ventral contrast not sharply delimit-

ed as in Peromyscus maniculatus.

Hindfoot relatively short and moderately

wide, with digit V nearly as long as digits

II-IV. Plantar pads six in number, relatively

large and fleshy, the interdigital pads clus-

tered together toward the base of the digits.

Dark fur of the lower limb continues across

the tarsus and onto the middorsal metatar-

sus as a dusky streak; distal metatarsus and

tops of digits clothed with silvery white

hairs that terminate as a tuft or spray of

hairs arching over the claws and beyond

their tips. White hairs thinly cover the heel

up to the thenar pad; remainder of plantar

surface naked.

Construction of cranium delicate, sug-

gesting a miniaturized version of H. simu-

latus (Figs. 2, 3). Rostrum comparatively

short for the genus (LR about 32% of

ONL), narrow and attenuate toward the na-

sal tips; tips of nasals slightly upturned; na-

solacrimal capsules not appreciably flared.

Interorbital region hourglass-shaped (am-

phoral) as viewed dorsally, devoid of su-

praorbital ridges or projecting shelves. Zy-

goma extremely slender, particularly across

the jugal bones, and slightly convergent an-

teriorly as viewed from above. Zygomatic

notch barely evident, no formation of an-

teriorly projecting spine; leading margin of

zygomatic plate straight and nearly vertical.

Braincase globoid, smoothly rounded and

unmarked by temporal and lambdoidal

ridging. Interparietal relatively short and

narrow, its lateral edges separated from the

squamosal by broad contact of the exoccip-

ital and frontal. Dorsal profile of skull mod-
erately vaulted, nearly straight over the fa-

cial region and more conspicuously arched

over the calvarium.

Incisive foramina relatively long (LIF

about 80% of LD), slightly narrower and

convergent anteriorly but wider and paral-

lel-sided posteriorly, their rear border pro-

jecting between the anterior root of the Mis
and reaching to the level of the anterocone.

Bony palate nearly flat, pierced by a pair of

small posterior palatine foramina, which are

round to oval and open within the maxil-

lopalatine suture where Ml and M2 abut.

Forward margin of mesopterygoid fossa

terminates more or less even with the rear

edge of the M3s; shape of anterior portion

horseshoe-like, slightly convergent in the

posterior region; roof of mesopterygoid fos-

sa incomplete, interrupted with spacious

sphenopalatine vacuities. Parapterygoid

fossae typically with large medial fenestra.

Middle lacerate foramen slitlike, separated

from the postglenoid foramen by stout

overlap of the tegmen tympani and poster-

oventral tab of the squamosal. Postglenoid

and subsquamosal foramina medium-sized,

approximately equal in area and together

delineating a slender hamular process. Ca-

rotid circulatory pattern complete (stapedial

and sphenofrontal foramina present, poste-

rior opening of the alisphenoid canal large,

shallow groove crosses the inner surface of

the squamosal and alisphenoid bones). Ali-

sphenoid struts present on both sides of all

individuals composing the type series. Ec-

totympanic bullae relatively inflated, nearly

the size of those possessed by the larger-

bodied H. simulatus; large fenestra perfo-

rates the posterodorsal surface of the mas-

toid bullae.

Coronoid process of mandible short,

somewhat blunt, and not rising above level

of condyloid process; sigmoid notch cor-

respondingly shallow, noticeably less well

defined than concavity of the angular notch.

Lateral surface of ascending ramus smooth,

without formation of capsular process of in-

cisor; inferior and superior masseteric ridg-

es poorly defined, their anterior union oc-

curring below the middle of ml.

Upper incisors weakly opisthodont to

nearly orthodont; enamel faces of upper and

lower incisors colored pale yellow. Molar
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Fig. 2. Dorsal and ventral views (about 2X) of adult crania illustrating the three smaller forms of Habromys.

Left pair, H. simulatus (BYU 15052), a male from 1.5 mi S Puerto del la Soledad, Oaxaca; middle pair, H.

chinanteco (AMNH 254780), a female from 16 mi SSW La Esperanza, Oaxaca; and right pair, H. delicatulus,

new species (CNMA 22439, holotype), a male from Cariada de la Ermita, Mexico.

rows parallel to one another. Upper first and

second molars with complete mesolophs

but lacking ectolophs; mesolophids of low-

ers incomplete or absent. Ml ovate with an-

terocone narrower than width across pro-

tocone-paracone and apparently lacking an-

teromedian sulcus; M3 circular in outline

and small, about half the occlusal area of

M2. Anteroconid of ml weakly bifurcate;

m3 about two-thirds as large as m2, appar-

ently retaining a short posteroflexid (second

primary fold) in unworn teeth.

Dorsal vertebrae consist of thirteen thor-

acics and six lumbars; first rib articulates

with the transverse process of both the sev-

enth cervical and first thoracic vertebra; ent-

epicondylar foramen present (skeletal traits

based on specimens CNMA 22439 and

22441).

Glans penis short, narrow, and awl-

shaped, widest at the base and gradually ta-

pering toward a blunt tip; urinary meatus

opens just below tip; glans surface nonspi-

nous; dorsal and ventral lappets absent

(phallic traits based on CNMA 22439 and

25908). Baculum longer than glans penis

(in CNMA 22439, bacular length = 4.7

mm, glans length = 2.6 mm, and glans

width = 0.5 mm; in CNMA 25908. bacular

length = 4.9 mm, glans length = 3.1 inm.
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#̂

Fig. 3. Lateral view (about 2X) of adult crania il-

lustrating the three smaller forms of Habromys. Top,

H. simulants; middle, H. chinanteco; and bottom, H.

delicatulus, new species (same specimens as in Fig. 2).

Table 1 .—Results of discriminant function analysis

performed on intact specimens (N = 209) representing

13 OTUs of Habromys (see Fig. 4).

Correlations

ONL
ZB
BZP
JOB
BBC
BOC
HBC
LR
BR
LD
LIE

BIF

LBP
BMls
WMF
PPL
CLM
WMl
BIT

Canonical correlations

Eigenvalues

% Variance

CV I CV 2

0.95 -0.06

0.91 0.11

0.88 0.12

0.73 -0.30

0.81 -0.16

0.90 0.03

0.72 0.15

0.93 -0.19

0.82 -0.08

0.90 -0.23

0.88 0.11

0.78 0.05

0.88 -0.22

0.67 -0.25

0.67 0.17

0.92 -0.09

0.94 0.28

0.96 0.12

0.82 0.08

0.98 0.90

24.6 4.5

76.2 13.8

and glans width = 0.5 mm); cartilaginous

cap unrecognizable on single cleared and

stained specimen (CNMA 22441). Vesicu-

lar glands extremely small, bulbourethral

glands relatively large (based on CNMA
25908). Stomach apparently discoglandular

based on single poorly preserved specimen

(CNMA 25908).

Comparisons.—The recognition of H.

delicatulus is at once obvious based on its

very small size, a contrast which alone per-

mits no confusion in distinguishing the new
species from other described forms of Ha-
bromys (Figs. 2, 9; Appendix 1). Morpho-
metric analyses of craniodental measure-

ments reinforce the impression of its deli-

cately constructed skull and diminutive size

compared with those of other species. The
uniformly large and positive correlations

between nearly all variables and the first

principal component (Table 1) emphasize

the predominant influence of size on this

factor and account for the pronounced phe-

netic isolation of the sample of H. delica-

tulus (Fig. 4). Size, too, undoubtedly ex-

plains its closer linkage to the other small

Habromys (i.e., H. chinanteco and H. si-

mulatus) in UPGMA amalgamation of

group centroids based on Mahalanobis dis-

tances (Fig. 4). Whether this phenetic as-

sociation also reflects phylogenetic affinity

invites future investigation that integrates

other kinds of systematic information.

In addition to its small size and corre-

spondingly fine definition of its features, H.

delicatulus displays certain proportional

differences that suggest its specific distinc-

tion. Foremost among these is the compar-

atively large size of the pinnae and auditory

(ectotympanic) bullae. The length of ear

from notch measured on specimens of H.

delicatulus generally exceeds values re-

corded for those of H. chinanteco and H.

simulatus, with minimal overlap (Appendix

1); absolute size of pinnae in H. delicatulus
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lophurus are represented by a polygon ai'ound the bivariate centroid); bottom. UPGMA phenogram based on

Mahalanobis distances between the 12 OTU centroids. See Table 1.
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most closely approximates the much larger

H. lophurus. Although we, regretfully, did

not quantify size of auditory bullae, the rel-

atively greater inflation of the bullae in H.

delicatulus is visually apparent in side-by-

side comparisons of crania (Fig. 2). The tail

in examples of H. delicatulus appears to be

the shortest in the genus, only subequal to

head-and-body length (Appendix 1); in

most other forms of Habromys, the tail ex-

ceeds the length of head and body (TL

about 105-1 10% of HBL). Also noteworthy

are the relatively short, attenuate rostrum

and broad interorbital region that character-

ize the series of H. delicatulus.

Although the smallest species of Habro-

mys, H. delicatulus possesses most diag-

nostic traits identified for the genus (e.g., as

emended by Carleton 1989). Its hindfoot is

short and relatively broad, with an elongate

fifth digit; the plantar surface of the heel is

thinly haired; and the zygomatic plate is

narrow with little forward extension or

elaboration of a dorsal notch. Attributes of

the reproductive tract in H. delicatulus, in-

sofar as verifiable (see below), conform to

the key traits central to the definition of Ha-

bromys (Hooper 1958, Hooper & Musser

1964, Linzey & Layne 1969). Other resem-

blances, presumably plesiomorphic, shared

by H. delicatulus and other Habromys taxa

include the amphoral interorbital configu-

ration unmarked by supraorbital ridging,

the round and smooth braincase, and rela-

tively complex molars (mesolophs-ids pre-

sent, retention of posteroflexid on m3). Fur-

thermore, the well-furred tail in H. delica-

tulus and its modest expression of penicil-

lation are comparable to other species of

Habromys.

Ecological notes.—The type locality is

situated within the northernmost escarp-

ments of the Cordillera Neovolcanica (Fig.

12). Huge boulders are a conspicuous fea-

ture of the landscape and shape the mouth
of the steep ravine where individuals of Ha-
bromys delicatulus were captured. Such

rocks are considerably intemperized, but

their size and disposition provide seclusion

and consequently maintain a moister micro-

environment in comparison with adjacent

areas. The general area is covered by thick

forests of oak (Quercus spp.) intermingled

with small, localized patches of oyamel

(Abies sp.).

The habitat in the ravine sheltering H.

delicatulus, however, can be characterized

as a relict of montane cloud forest, with in-

dicative tree species such as Ilex tolucana,

Garrya aff. laurifolia, and Cornus aff. dis-

ciflora. Oaks, madrofios {Arbutus sp.), and

tepozanes (Buddleja americana) are also

present, as well as succulent orchids grow-

ing on the branches of trees. In addition, the

understory is thick and dominated by Phy-

tolacca sp., at least during the rainy season.

In this region, such montane cloud forest

patches are commonly located on north-

wardly facing slopes, an orientation that de-

scribes the Jilotepec site. This physiograph-

ic aspect, as well as the steepness and

height of the sheltering rock walls, pro-

motes a fairly uniform microclimate, and a

small spring at the bottom contributes to the

maintenance of these conditions throughout

the year. Contrast in ambient humidity over

short distances is striking, for on top of the

exposed rock walls outside the ravine, some
xerophytic vegetation is present, such as

globular Cactaceae, century plants, and

Gramineae. Pockets of fog-enshrouded for-

est, as found in the Canada de la Ermita,

are common (or once were so) in the east-

ern portion of the Cordillera Neovolcanica,

and have formed a biogeographic micro-

cosm where other vertebrates more narrow-

ly restricted to cloud forest, such as certain

plethodontid salamanders, have undergone

localized radiations (Wake & Lynch 1976,

Darda 1994).

Habromys delicatulus appears to be rath-

er if not mainly arboreal in habits. Six of

the seven specimens were obtained by traps

set in trees as described by Sanchez (1996).

Five were obtained in Ilex tolucana trees,

at heights above ground of 4.3 m (CNMA
22440), 3.2 m (CNMA 22439, holotype),

2.7 m (CNMA 22442), 1.3 m (CNMA
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25908), and 0.9 m (CNMA 22438); another

was collected in a Quercus sp. at 2.1 m
(CNMA 22441). Although many traps were

placed in terrestrial locations, where other

species of rodents were captured, only one

example (CNMA 22437) of H. delicatulus

was obtained on the forest floor.

At the time of the survey, certain rodent

species were comparatively abundant at the

type locality (Peromyscus levipes, P. diffi-

cilis, Liomys irroratus), while others oc-

curred in lesser numbers (Habromys deli-

catulus, Reithrodontomys fulvescens, Neo-

toma mexicana). The easternmost record of

Nelsonia goldmani, a species endemic to

the Cordillera Neovolcanica, has been re-

ported at a nearby site within the Canada

de la Ermita (Engstrom et al. 1992), an out-

lying occurrence which also emphasizes the

relictual nature of this montane forest patch.

Etymology.—The specific epithet delica-

tulus acknowledges the new species' slight-

ly built cranium and overall diminutive

size.

Morphological Differentiation Among
Other Forms And Taxonomic

Recommendations

Aside from supporting recognition of a

new species, H. delicatulus, the amount of

morphometric divergence uncovered

among other named taxa is equally infor-

mative taxonomically, in particular that re-

vealed between the smaller forms H. si-

mulatus and H. chinanteco and that be-

tween the larger H. lepturus and its present

synonym ixtlani Goodwin (1964). First, we
focus separately on these two issues, draw-

ing upon examples of the intermediately

sized species H. lophurus as a yardstick of

intraspecific variation for the morphometric

comparisons implemented. Second, we re-

view qualitative traits of the reproductive

tract and postcranial skeleton exhibited by

the smaller species and their bearing on the

definition of the genus.

Sexes were combined in all multivariate

analyses, a procedural necessity wananted

by the inadequate sample sizes of the small-

er Habromys and H. lophurus. Secondary

sexual dimorphism in cranial size is, in fact,

unremarkable in the two largest samples

available, those of H. lepturus ixtlani

(OTUs 2, 4). Contribution of sex to signif-

icant within-sample variation was recorded

for only one variable (CLM) among the two

OTUs (Table 2), a rarity (one of 38 two-

way ANOVAs implemented = 2.6%) plau-

sibly explained as a Type I sampling error.

In contrast, significant age-related variation

in size, probably due to postweaning

growth, is commonplace in both samples,

characterizing about half of the skull di-

mensions measured. Furthermore, the pat-

tern of pronounced age-related differences

in these two OTUs is comparable in terms

of the variables involved—notably the larg-

est measurements (ONL, ZB, PPL) and

those measured on the facial region (LR,

BR, LD, LIF)—and the magnitude of the F
ratios (Table 2). Such patterns of nongeo-

graphic variation according to age and sex

factors generally conform to those reported

for other species of neotropical muroids

(e.g., Ramirez-Pulido et al. 1991, Carleton

& Musser 1995, Martinez Coronel et al.

1997), and while sample age variation can

be substantial, it emerges as inconsequential

relative to the morphometric divergence of

closely related (congeneric) taxa (e.g.,

Carleton & Musser 1989, 1995; Voss &
Marcus 1992; Carleton et al. 1999).

Habromys simulatus and H. chinante-

co.—Since Osgood (1904) described it as a

species of Peromyscus, simulatus has re-

mained a well defined but obscurely known
form. It was long represented by only the

two specimens from the type locality (Jico,

Veracruz) until a third was uncovered by

Robertson & Musser (1976) from neai- Zac-

ualpan, Veracruz. The additional localities

reported here (see Taxonomic Summary),

collected by BYU field crews in Hidalgo

and northwesternmost Oaxaca, suggest that

the species is distributed more widely along

middle to upper eastern slopes of the SieiTa

Madre Oriental (Fig. 12), probably adhering
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Table 2.—Significance levels and F values derived from two-way analyses of variance of 19 cranial dimen-

sions as measured for sex and age cohorts in two large OTUs of Habromys lepturus ixtlani.

OTU 2 OTU 4

Age Sex Interaction Age Sex Inleraclion

ONL 15.7*** 0.7 0.3 14.2*** L8 0.2

ZB 15.3*** 1.5 0.3 7.0** 0.3 0.2

BZP 2.2 0.3 1.1 1.6 0.7 1.0

lOB 0.2 0.4 0.4 0.4 0.3 1.5

BBC 0.9 0.1 1.2 0.3 3.1 0.2

BOC 1.0 3.6 0.4 0.8 0.4 3.4*

HBC 0.3 1.5 2.7 0.9 0.0 0.3

LR 22.7*** 0.9 0.4 8.1** 1.3 0.5

WR 3.6* 0.8 0.5 7 2** 0.2 1.6

LD 20.1*** 2.6 1.2 23.1*** 0.1 1.3

LIE 6.4** 1.8 0.0 6.2** 0.2 0.3

BIF 0.1 0.3 1.2 0.4 0.2 0.1

LBP 5.3** 1.5 0.1 3.0 0.8 0.3

BMls 2.7 3.3 0.5 0.4 0.3 0.1

WMF 8.6** 0.5 0.6 1.3 1.4 0.1

PPL 14.8'*** 0.0 0.3 8.2** 2.7 0.1

CLM 0.9 0.5 3.0 1 1.5*** 4.0* 1.7

WMl 1.1 ' 1.1 1.2 3.2* 3.6 1.7

BIT 11.3*** 0.0 0.1 6.6** 0.4 0.1

0.05; ** 0.01; *=* 0.001.

to the band of cloud forest as documented

for certain other small rodents in the region

{Megadontomys nelsoni, Carleton 1989;

Microtus quasiater, Ramirez-Pulido et al.

1991; Oryzomys chapmani, Musser &
Carleton 1993; Peromyscus aztecus, Carle-

ton 1979; P. furvus, Martmez-Coronel et al.

1997).

While Osgood (1909) viewed simulatus

as a miniature version and close kin of lo-

phurus, a closer probable relation was later

discovered in mountains of northern Oa-

xaca and described by Robertson & Musser

(1976) as Peromyscus chinanteco. These

authors viewed the new species as a mem-
ber of the subgenus Habromys "most close-

ly related to simulatus'' and accordingly

confined their differential comparisons to

other subgeneric forms as circumscribed by

Hooper & Musser (1964) and Hooper
(1968).

Morphometric evaluations of our 19

craniodental measurements suggest that

chinanteco is indeed closely related to, if

not conspecific with, Osgood's simulatus.

In principal component analysis, factor

scores of simulatus and chinanteco speci-

mens are interspersed, and together resem-

ble, excepting the fewer specimens avail-

able, the elliptical spread of component val-

ues derived for examples of H. lophurus

(Fig. 5). Variable correlations with PC I

generally bear out the much larger size of

H. lophurus with regard to simulatus-chin-

anteco; loadings on PC II indicate that the

latter pair, however, exhibit a comparatively

broader skull (BBC, BR, lOB, BMls) and

daintier teeth (CLM, WMl) than is char-

acteristic of H. lophurus (Table 3).

Unlike principal component results, a

scatter plot of the first two canonical vari-

ates (cumulative proportion of variation —

87%) extracted from eight-group discrimi-

nant function analysis divulges close prox-

imity but no overlap of specimen scores

representing the sample of chinanteco and

those of H. simulatus (Fig. 6). The largest

hiatus disclosed, however, separates OTUs
of H. lophurus from those of H. chinanteco

and H. simulatus and reflects the decidedly
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Fig. 5. Scatterplot of first and second principal components extracted from analysis of 19 log-transformed

craniodental variables of intact specimens representing Habromys lophurus (n = 42) and the small taxa, H.

chinanteco (n = 5) and H. simulatus (n = 7). The position of the type specimens of the respective taxa is

indicated by "ht". See Table 3.

more robust molar rows and wider incisors

of the former species (Table 4). Divergence

between OTUs of chinanteco and simula-

tus, as revealed by UPGMA clustering us-

ing Mahalanobis distances between cen-

troids, approximates the level of differen-

tiation that subtends the more broadly

drawn geographic samples of H. lophurus

(Fig. 6).

Robertson & Musser (1976:2) observed

that "The crania of chinanteco and simu-

latus are similar in size . . . but differ in

certain features." The "certain features"

emphasized seem less satisfactorily diag-

nostic with the barely improved samples of

simulatus series now at hand, n = 7 as com-

pared with the three available to Robertson

& Musser (1976). For one, the posterior ter-

mination of the incisive foramina—well an-

terior to the level of the Mis in chinanteco

and near the middle of the Mis in simula-

tus—varies within each form and offers an

inconsistent means for discrimination (Nor

does such a difference actually characterize
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Table 3.—Results of principal components analysis

performed on intact specimens (n = 55) representing

Habromys lophurus and the small species, H. chinan-

teco and H. simulatus (see Fig. 5).

Correlations

Variable PC I PC II

ONL 0.92 0.14

ZB 0.92 0.13

BZP 0.90 -0.01

lOB 0.09 0.56

BBC 0.20 0.48

BOC 0.79 0.14

HBC 0.47 0.00

LR 0.72 0.31

BR 0.62 0.54

LD 0.70 0.32

LIE 0.82 -0.23

BIE 0.70 0.36

LBP 0.63 0.17

BMls 0.36 0.84

WMF 0.79 0.12

PPL 0.85 -0.04

CLM 0.83 -0.40

WMl 0.81 -0.41

BIT 0.81 -0.32

Eigenvalues 0.048 0.011

% Variance 58.1 12.8

the exemplars of simulatus [KU 83262] and

chinanteco [KU 124129] Robertson &
Musser selected for illustration [1976: Fig.

1]). A simple bivariate plot (LIF versus LD)
that might reveal proportional contrast in

lengths of the incisive foramen instead dis-

closes broad overlap between the two spe-

cies (Fig. 7). For another, they noted that

specimens of chinanteco possess longer and

narrower nasal bones. Although we did not

measure nasal length per se, the strongly

correlated dimension length of rostrum, rel-

ative to occipitonasal length, does not con-

vey an unambiguous utility for separating

the two species (Fig. 7). Finally, the

"slightly more inflated" cranium of chin-

anteco finds little confirmation in certain

breadth measurements (ZB, lOB, BBC,
BOC, DBC) that would plausibly index

such a specific contrast (Appendix 1).

Nor do means and ranges of most stan-

dard dimensions of the skin indicate that

"externally, chinanteco is larger than si-

mulatus'' (Robertson & Musser 1976: Table

1; also see Appendix 1). Of the specific dif-

ferences they highlighted, only the abso-

lutely and proportionally longer tail of chin-

anteco can be clearly verified with speci-

men data: mean = 109.2 mm, or approxi-

mately 121% of head and body length, in

chinanteco versus a mean = 94 mm, or

106% of head and body length, in simulatus

(Appendix 1). Caution is warranted in ac-

cepting the magnitude of this disparity,

since sample sizes are too small to accu-

rately typify such a large dimension, one

exhibiting substantial allometric variation

with age. Furthermore, the shorter mean tail

length of simulatus is influenced by the ex-

ceptionally small values recorded for the

type (87 mm) and paratype (78 mm) of the

species, specimens collected a century ago.

Still, these dimensions seem reasonable as

inferred from remeasurement of tail length

on the dry skins; moreover, the recorded tail

lengths for simulatus collected recently by

BYU field teams also average shorter than

those of chinanteco (Appendix 1).

Habromys lepturus (Merriam J898) and
Peromyscus ixtlani Goodwin 1964.—Mer-

riam (1898) described Peromyscus lepturus

based on eight specimens from two locali-

ties on Cerro Zempoaltepee, Oaxaca, and at

the time of Osgood's (1909) revision, the

species was still known only by Merriam's

original paradigm. While Merriam focused

the comparisons of his new species with P.

guatemalensis, Osgood recognized the fun-

damental similarities in cranial proportions

and external traits that allied lepturus with

lophurus and simulatus, a grouping that

previewed the formal designation of a sub-

genus Habromys based on features of the

male phallus (Hooper & Musser 1964).

Another specific relative of lepturus,

Peromyscus ixtlani Goodwin (1964), was

later described from Cerro Machin in the

Sierra de Juarez, a north-south trending

mountain system that is geographically

close to the Sierra de Zempoaltepec in

northcentral Oaxaca but geologically isolat-

ed from it. Goodwin listed the differential-
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Table 4.—Results of discriminant function analysis

performed on intact specimens (n = 55) representing

the eight OTUs of Habromys lophurus and the small

species, H. chinanteco and H. simulatus (see Fig. 6).

Correlations

Variable CV 1 CV 2

ONL 0.65 -0.46

ZB 0.70 -0.45

BZP 0.72 -0.25

lOB -0.21 -0.45

BBC -0.13 -0.46

BOC 0.61 -0.48

HBC 0.44 -0.26

LR 0.35 -0.51

BR 0.23 -0.49

LD 0.32 -0.39

LIF 0.77 -0.18

BIF 0.35 -0.68

LBP 0.34 -0.51

BMls -0.09 -0.60

WMF 0.58 -0.52

PPL 0.71 -0.41

CLM 0.95 -0.16

WMl 0.89 -0.24

BIT 0.76 -0.09

Canonical correlations 0.98 0.87

Eigenvalues 22.8 3.0

% Variance 77.0 10.0

ing features that persuaded him to recog-

nize ixtlani as a species distinct from lep-

turus, notably a longer and more bicolored

tail, absence of a dusky patch on the me-

tatarsum, and overall larger size of the cra-

nium and molars. Musser (1969) not only

confirmed but amplified the consistency of

the size and external differences between

ixtlani and lepturus, yet ultimately elected

(p. 17) to taxonomically acknowledge those

dissimilarities as morphologically distinct

but ecologically similar, montane subspe-

cies. That he pointedly retained ixtlani as a

well marked subspecies of lepturus is by

itself instructive, given the era of revision

and the prevailing custom to recognize

slight but consistent (diagnostic) popula-

tional differences as subspecies.

The amount and constancy of cranio-

dental differentiation between the two sets

of montane populations are impressive in

view of their geographic proximity and

probable recency of their isolation. The
sample from Cerro Zempoaltepec, lepturus

proper, is clearly isolated from those of lo-

phurus and ixtlani in plots of the first two

canonical variates (cumulative variation =

90.5%) extracted from a nine-group dis-
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Table 5.—Results of discriminant function analysis

performed on intact specimens (n = 191) representing

the nine OTUs of Habromys lepturus ixtlani, H. I. lep-

turus, and H. lophiirus (see Fig. 8).

Correlations

Variable CV 1 CV 2

ONL -0.88 0.17

ZB -0.72 0.14

BZP -0.66 0.16

lOB -0.73 0.09

BBC -0.74 0.16

BOC -0.75 0.22

HBC -0.43 0.44

LR -0.91 0.12

BR -0.69 0.22

LD -0.89 0.10

LIF -0.68 -0.07

BIF -0.56 0.26

LBP -0.86 -0.16

BMls -0.66 0.17

WMF -0.34 -0.09

PPL -0.85 0.09

CLM -0.78 -0.04

WMl -0.87 0.09

BIT -0.63 0.43

Canonical correlations 0.96 0.77

Eigenvalues 11.7 1.5

% Variance 79.9 10.6

criminant function analysis (Fig. 8). Only

one of 27 specimens of lepturus was incor-

rectly placed with another group, OTU 10

of lophurus, according to a posteriori prob-

abilities of group membership; percent cor-

rect assignments ranged from 56 to 71 for

samples of ixtlani and from 20 to 60 for

those of lophurus, with misclassified indi-

viduals occurring only among OTUs within

each taxon. Greater size in all dimensions

accounts for most separation between sam-

ples of lepturus and ixtlani in multivariate

space (Table 5), a result consistent with

Musser's (1969: Table 1) univariate com-

parisons of the two. Noteworthy are the

stronger coirelations that reflect the rela-

tively longer rostrum (LR, LD), longer pal-

ate (LBP), and larger molars (LMl-3,

WM 1 ) of individuals of ixtlani compared

with those of lepturus (Figs. 9, 10; Appen-

dix 1 ). Although appearing morphological-

ly intermediate to lophurus and ixtlani in

the canonical bivariate plot, OTU 5, repre-

senting lepturus, clearly links with OTUs of

ixtlani based on Mahalanobis distances

among centroids, albeit at a higher level

than that observed among the widespread

geographic samples of lophurus (Fig. 8).

In a discriminant function analysis re-

stricted to samples of ixtlani-lepturus

(OTUs 2—5), height of braincase emerges to

contribute weakly to discrimination (not il-

lustrated), reflecting the more vaulted cra-

nial profile of lepturus (Fig. 10), in addition

to the predominant influence of the afore-

mentioned five variables. In this four-group

morphometric comparison, no individual of

lepturus (OTU 5) was misclassified with

those of ixtlani (OTUs 2-4) in jack-knifed

classifications according to posterior prob-

abilities of group membership; misclassifi-

cation of specimens among OTUs 2-4 of

ixtlani ranged from 33 to 47 percent.

Qualitative traits.—Hooper (1958) seg-

regated lepturus and lophurus from other

Peromyscus species in his Lepturus Divi-

sion, the taxonomic forerunner of the sub-

genus Habromys later named by Hooper &
Musser (1964:12, type species = Peromys-

cus lepturus Merriam, 1898). The reality of

Habromys as a distinct clade comparable to

other Peromyscus subgenera (sensu Hooper

1968) was bolstered by Linzey & Layne

(1969), who noted the unique complement

of male accessory reproductive glands pos-

sessed by lepturus. Its particular traits were

later confirmed and also verified as char-

acteristic of lophurus by Carleton (1980),

and Linzey & Layne (1974) reported the

lack of an acrosomal hook on spermatozoa

in these species as compared with other

Peromyscus (sensu lato). As noted by

Carleton (1989), however, the cardinal di-

agnostic features of the reproductive tract

have yet to be confirmed for the smaller

species assigned to Habromys. Variation

within the material now available, although

less than desirable in sample size and pres-

ervation, suggests that expanded analysis of

this organ system is a profitable avenue of

future systematic investigation.
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Based on the two examples examined

(CNMA 22439, 25908), H. delicatulm pos-

sesses a phallus like that described for H.

lepturus and H. lophurus (Hooper 1958,

Hooper & Musser 1964). Notable resem-

blances among the three species include the

nonspinous epidermis of the glans penis,

the absence of dorsal and ventral lappets,

and the nearly terminal placement of the

urinary meatus and correlative lack of a

protrusible tip. The three also exhibit sim-

ilar phallic proportions, especially the small

size of the glans penis, its gradually taper-

ing form from base to tip, and a baculum

much longer than the body of the glans.

The single male of H. delicatulus with

the proximal accessory reproductive glands

preserved (CNMA 25908) clearly exhibits

one trenchant feature of Habromys as doc-

umented by Linzey & Layne (1969) and

Carleton (1980). The vesicular glands are

greatly reduced, appearing as small straight

diverticula that arise from the cephalic ure-

thra, and are hidden in ventral view by the

converging deferent ducts and stalk of the

urinary bladder. Such a morphology strik-

ingly contrasts with the large and arching

vesicular glands, shaped like an inverted

"J", observed in Peromyscus sensu stricto

(Linzey & Layne 1969). The bulbourethrals

are moderately sized, comparable to those

typical of Peromyscus. The specimen ap-

pears to be reproductively active, given the

size of the gonads and distended condition

of both caput and cauda epididymides.

However, we cannot critically ascertain the

presence or formation of other accessory

glands due to the poor preservation and re-

moval of the prepuce during specimen

preparation.

The reproductive tract in two specimens

of H. simulatus (BYU 1505L 15052) un-

expectedly departs from the aforementioned

species in two important traits. First, the

surface of the glans penis is invested with

minute spines that are closely packed and

evenly distributed in size and density

around the circumference. However, as in

delicatulus, lepturus, and lophurus, the

glans penis of the two H. simulatus pos-

sesses a urinary meatus that opens nearly at

the tip and lacks a protrusible tip and dorsal

and ventral lappets. Moreover, size and con-

formation of the phallus are comparable:

that is, short and relatively narrow, awl-

shaped with a blunt tip, and the baculum

longer than the body of glans. Dimensions,

as measured on BYU 15051, are: bacular

length = 4.5 mm (estimated since phallus

not cleared and stained); glans length = 3.4

mm; glans width = 0.6 mm.
Second, a well defined, single pair of

elongate (about 2.5 mm) preputial glands

are clearly present in both BYU 15051 and

15052 of H. simulatus. Preputial glands

have not been reported for the larger spe-

cies, H. lepturus and H. lophurus (Linzey

& Layne 1969, Carleton 1980), and we
could not determine the presence or ab-

sence of preputials in H. delicatulus. We
note that the animals dissected by those au-

thors actually represent the populations

found on Cerro Pelon, now called H. lep-

turus ixtlani; the complement of accessory

glands characteristic of lepturus proper,

type species of Habromys, remains to be

confirmed.

Carleton (1980) identified another trait,

the modal number of thoracic (13) and lum-

bar (7) vertebrae, that he interpreted as de-

rived and posed as diagnostic of Habromys
(based on examinations of H. lepturus

ixtlani and H. lophurus). Other peromys-

cines and neotomines standardly possess

the hypothesized ancestral ratio of 13 thor-

acics and 6 lumbars, and this is the count

evident in the few available specimens of

the small species, H. delicatulus (CNMA
22449, 22441) and H. simulatus (BYU
15050-15053).

Taxonomic recommendations.—We ad-

vise the retention of all named forms of Ha-

bromys as species. Although the Sierras de

Zempoaltepec and Juarez are geographic

neighbors in northcentral Oaxaca, the pop-

ulations on those mountains {lepturus and

ixtlani, respectively) are more strongly dif-

ferentiated from one another than observed
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Fig. 9. Dorsal and ventral views (about 2X) of adult crania illustrating the three larger forms of Habromys.

Left pair, H. ixtlani (MVZ 159729), a male from 5.2 mi NNE El Machi'n, Oaxaca; middle pair, H. lepturus

(USNM 68619), a male from Cerro Zempoaltepec, Oaxaca; and right pair, H. lophurus (MVZ 98615), a male

from Los Esesmiles, El Salvador.

among the more widely distributed samples

of H. lophurus in mountains southeast of

the Isthmus of Tehuantepec (Fig. 11). This

morphological distinction reflects not only

the consistently smaller size of H. lepturus

but also its distinctive cranial shape (rela-

tively shorter rostrum and bony palate,

more arched cranium) and pelage traits (tail

generally monocolored, presence of meta-

tarsal patch) as compared with H. ixtlani.

Studies should be conducted to determine

whether the level of genetic divergence be-

tween these montane forms concords with

their substantial morphological distinctive-

ness. And while their geographic proximity

and phenetic similarity relative to other Ha-

bromys OTUs suggest that each is the oth-

er's nearest relative, this assumption too

should be tested, for other congeneric spe-

cies found in these mountains are known to

be only distantly related. Characteristics of

Microtus umbrosus (Sierra de Zempoalte-
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Fig. 10. Lateral view (about 2X) of adult crania

illustrating the three larger forms of Hahromys. Top,

H. ixtlani; middle, H. lepturus; and bottom, H. lophu-

rus (same specimens as in Fig. 9).

pec) and M. oaxacensis (Sierra de Juarez)

do not support a sister-group relationship

and instead underscore the potential of in-

dependent evolutionary histories of popu-

lations isolated in these neighboring moun-
tain chains (Cervantes et al. 1994, 1997).

The overlapping pattern of craniodental

variation in multivariate space and lower

inter-locality distances exhibited among
samples of H. lophurus suggest that only a

single species ranges over Nuclear Central

America. The samples from Chiapas, Mex-
ico (OTUs 7, 8), consistently cluster apart

from those collected farther south in the

mountains of Guatemala and El Salvador

(Fig. 8). This phenetic association supports

the observations of Robertson & Musser

(1976), who noted that the Chiapan exam-

ples of//, lophurus average slightly smaller

in most dimensions. Although probably iso-

lated from populations in the nearest Gua-

temalan Cordilleras, we regard this slight

distinction as intraspecific (geographic) var-

iation and insufficient to warrant formal

taxonomic recognition.

The case for the specific validity of chin-

anteco is admittedly weak. Its range in

northern Oaxaca appears to be limited to

cloud forest on the Caribbean watershed of

the Sierra de Juarez; to date, the form has

not been recovered at sites situated on in-

terior slopes of that sierra, places in pine-

oak forest where H. ixtlani has been col-

lected (Musser 1969). The geographic pres-

ence of chinanteco in the Oaxacan high-

lands thus mirrors the distribution of H.

simulatus in subtropical cloud forest along

the eastern slopes of the Sierra Madre Ori-

ental (Fig. 12). The few examples of chin-

anteco display appreciable morphological

overlap with the few available of H. simu-

latus, and most traits advanced for its di-

agnosis fail to provide clear discrimination

between the two taxa. Nevertheless, the

characteristic of a relatively and absolutely

longer tail in chinanteco, a cardinal feature

of its diagnosis and separation from H. si-

mulatus, cannot be controverted with the

material at hand. In addition to appeal to

other data such as molecular and chromo-

somal information, the distinctive phallic

traits reported above for H. simulatus prom-

ise a firmer basis for deciding their synon-

ymy if these are found also to characterize

specimens of chinanteco. The status of

chinanteco as species or junior synonym of

//. simulatus should be argued on incontro-

vertible evidence. In view of the meager

numbers available and the different moun-

tain systems these taxa occupy, we adopt a

conservative course and shall leave the mat-

ter to future systematic investigation.

The recognition of H. simulatus as spe-

cies is secure, aside from the unresolved is-

sue of whether it should subsume the pop-

ulations described as chinanteco. However,

vouchered documentation of its geographic

range requires amplification, especially in

light of the report by Leon-Paniagua &
Romo-Vazquez (1993) of Peromyscus aff.
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simulatus in the Sierra de Taxco, Guerrero,

a southern spur of the Cordillera Neovol-

canica.

Habromys is currently viewed as a genus

closely allied to Podomys and Neotomodon,

and more distantly related to Peromyscus

proper (Carleton 1980, 1989). A similar

phyletic affinity among the first three taxa

is supported by other systematic evidence,

although its cladistic stature with regard to

species of Peromyscus and consequent suf-

ficiency to warrant generic recognition are

disputed (e.g., Stangl & Baker 1984).

Carleton (1980:127, 1989:128) has empha-

sized the need for expanded anatomical sur-

veys and critical reinterpretation of char-

acter homologies for certain of the character

systems applied telatively recently to ques-

tions of muroid systematics and phylogeny,

particularly those of the reproductive sys-

tem. Habromys appears to be an excellent

candidate for such investigation, the results

of which would do much to clarify the

monophyly of included species relative to

Peromyscus and other genus-group kin. The
structure of the phallus and complement of

accessory glands reported here for the

smaller species H. delicatulus and H. si-

mulatus reveal greater variability in the piv-

otal reproductive features on which the sub-

genus was founded (Hooper & Musser

1964) and upon which its phylogenetic di-

agnosis and generic status were argued

(Carleton 1980, 1989). Or perhaps this var-

iation raises doubts only about the proper

assignment of Osgood's (1904) simulatus to

the genus-group taxon. Whichever the case,

improved characterization of the reproduc-

tive tract morphology of the small species

assigned to Habromys must draw upon

more and better preserved specimens.

Apart from the disagreement over details

of cladistic branching and taxonomic rank,

the above mentioned phylogenetic studies

have improved little upon Hooper's (1968:

65) impression that "They [species of Ha-
bromys] appear to be relict taxa, which

jointly may date to an early stage in the

evolution of the genus" (or tribe sensu

Carleton 1989). As presently understood,

the taxon includes some of the less well

known, systematically and biologically,

small Neotropical rodents. Only H. ixtlani

is represented in collections in series suffi-

cient to appreciate nongeographic variation.

The inadequately small samples of H. si-

mulatus and H. chinanteco clearly hinder

decisive interpretation of their status as one

or two species.

Phyletic Diversification Within Habromys
And Other Mesoamerican Small Mammals

The geographic occurrence of Habromys
is disjunct, conforming to naturally discon-

tinuous highland forests from southern

Mexico, through Guatemala, to El Salvador

and probably Honduras (Figs. 11, 12). Col-

lectively, species of Habromys have been

captured at sites ranging from 1830 to 3150

meters in altitude, and descriptions of col-

lection sites consistently emphasize the

cool, moist character of the forest, usually

with a lush herbaceous ground cover, dense

carpets of mosses and lichens, and abundant

bromeliads and other epiphytes (Goldman

1951, Musser 1969, Carleton & Huckaby

1975, Robertson & Musser 1976). In Oa-

xaca, collecting localities of Habromys fall

within Cloud Forest (1250-2012 m) and

Pine-Oak Forest (2012-3000 m), as those

life zones are regarded by Binford (1989)

for the state's avifauna. The type locality of

the newly named H. delicatulus also fits

this pattern, restricted to a cool forested en-

clave on a north-facing slope of mountains

fringing the southern Mesa Central. And
Leon-Paniagua & Romo-Vazquez (1993)

reported Peromyscus aff. simulatus from

the vicinity of Taxco, Guerrero, about

2200-2400 m in a steep ravine sheltered by

oak forest. The latter two discoveries high-

light the likelihood of greater taxonomic

differentiation among such montane rodents

than presently recognized, and invite not

only additional biological survey of south-

ern Mexico's geologically and biotically in-

tricate mountains but also renewed revi-
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H. lepturus O

H. lophurus

Fig. II. Map of northern Mesoamerica, illustrating the geographic distributions of the larger species of

Habromys as based on specimens examined. Habromys lophurus is the only species so far known from highlands

to the east and south of the Isthmus of Tehuantepec. Habromys lepturus and H. ixtlani, along with the three

smaller species (Fig. 12), are known from restricted mountain ranges to the west and north of the Isthmus.

Stippled areas indicate regions above 2000 meters.

sionary attention to the small terrestrial

mammals distributed among them.

In view of their ecological restriction to

montane humid-forest associations, the dis-

tribution of Habromys taxa intelligibly cor-

responds to major mountainous systems of

Mesoamerica: H. delicatulus in a northern

spur of the Cordillera Neovolcanica; H. si-

mulatus and H. chinanteco on the gulf-fac-

ing flanks of the Sierra Madre Oriental and

Sierra de Juarez, respectively; H. lepturus

and H. ixtlani in different ranges of the

Oaxacan Highlands; and H. lophurus in the

highlands of Nuclear Central America.

Such physiographic complementarity, and

its general agreement with patterns of en-

demicity and vicariance distilled for other

Mesoamerican vertebrates (Duellman 1966,

Wake & Lynch 1976. Wake 1987. Good
1988, Hernandez-Baiios et al. 1995, Camp-
bell 1999), suggest that geologic, climatic,

and biotic changes of the late Cenozoic

have left their imprint in the diversification

of species of Habromys. In particular, the

possible sister group relationship of H. lo-

phurus and H. lepturus-H. ixtlani and its

vicariant genesis concordant with the bar-

rier imposed by the Isthmus of Tehuantepec

merit exploration with other data. Our con-

jecture is circumstantial, shaped mostly by
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Fig. 12. Map of southern Mexico, illustrating the geographic distributions of the smaller species of Habromys

as based on specimens examined. Habromys delicatulus is the first species of the genus described from the

Cordillera Neovolcanica, but Leon-Paniagua & Romo-Vazquez's (1993) report of H. aff. simulatus from the

Sierra de Taxco, Guerrero, anticipated documentation of the group's presence in these mountains. Habromys

simulatus and H. chinanteco occupy moist forests along Gulf-facing slopes of Mexico's eastern versant, the

former in the Sierra Madre Oriental to the north of the Rio Santo Domingo, and the latter in the Sierra de Juarez

to the south. Stippled areas indicate regions above 2000 meters.

their hierarchical levels of morphometric

divergence and by analogy with biogeo-

graphic patterns recently advanced for other

small mammals confined to cool and moist

highland forest in Mesoamerica (Sullivan et

al. 1997, 2000; Woodman & Timm 1999).

Woodman & Timm (1999:30) remarked

that "In general, the isthmus [of Tehuante-

pec] does not appear to have been regarded

as a major barrier to most small mammals
. . .

." Their point is not strictly true, as the

following examples demonstrate, but holds

import in a refocussed context. Baker

(1963:246) actually had featured the Isth-

mus throughout his review of Mesoameri-

can small mammal distributions and under-

scored its significance as the first point of

his overall summary: "The hilly tropical

lowland of the narrow Isthmus of Tehuan-

tepec provides a major break in present-day

mammalian distribution in Middle Ameri-

ca." On a continental scale, Wilson (1974)

noted the strong association between high

species density and high topographic relief,

and his isocontours of greatest species den-

sity in northern Mesoamerica are localized

over the highlands on either side of the Isth-

mus of Tehuantepec (although the isthmus
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was not specifically mentioned). Both

Hooper (1952) and Choate (1970) did spe-

cifically implicate the Isthmus of Tehuan-

tepec as a primary fission zone in the ear-

liest radiation of Reithrodontomys and

Cryptotis, respectively, perhaps accounting

for the initial evolutionary split between the

subgenera Reithrodontomys and Aporodon

on the one hand and for driving speciation

within the Cryptotis mexicana species

group on the other. And Hooper (1952:79)

was well aware that "The low country of

the Isthmus of Tehuantepec is a partial, if

not complete, barrier to these highland forms

[subspecies of Reithrodontomys sumichras-

r/]," and that (p. 170) ''R[eithrodontomys]

m[icrodon] albilabris is isolated from R. m.

microdon by the Isthmus of Tehuantepec

and by other arid lowlands." These exam-

ples convey appreciable regard for the Isth-

mus as a distributional divide, but, in gen-

eral, those systematists of the middle 1900s

who offered historical zoogeographic re-

constructions preferentially emphasized its

barrier effect in their divisions of subspe-

cies (also see next section).

Although not disregarded by mammalo-
gists, consideration of the Isthmus in taxo-

nomic studies of small montane mammals
does appear understated compared with the

preeminent biogeographic role attributed to

those dry lowlands in other vertebrate

groups (Duellman 1960, 1966; Savage

1982; Wake 1987; Good 1988; Binford

1989; Flores-Villela 1993; Campbell 1999;

Watson & Peterson 1999). Binford (1989)

repeatedly emphasized the geographic im-

passability interposed by the lowland trop-

ical forests and drier climate of the Isthmus

for the dispersal of bird species restricted to

cloud forest and pine-oak habitats and the

consequent high levels of endemism on ei-

ther side of it. Good (1988) considered the

vicariant significance of the Isthmus in in-

terpreting the radiation of certain highland

genera of gerrhonotine lizards with species

clades distributed on either side of it. Flo-

res-Villela (1993) regarded the Isthmus bar-

rier and rich endemism of pine-oak and

cloud forest herps in mountains to the west

and east as logically interrelated.

In the context of such Mesoamerican bio-

geographic investigation. Woodman &
Timm's (1999) observation exposes the rare

cladistic documentation of related mam-
malian species pairs in mountains bordering

the Isthmus of Tehuantepec and the explicit

invocation of the drier isthmian lowlands as

the vicariant barrier impelling their initial

geographic separation and eventual specia-

tion. In a phylogenetic study of small-eared

shrews, genus Cryptotis, they provided such

cladistic evidence for the relationship of C
goldmani and the species pair C goodwini-

C griseoventris and postulated their evo-

lutionary divergence coincident with the

isthmian lowlands. Other possible vicariant

pairs among small, montane dwelling ro-

dents distributed over the same region in-

clude Oryzomys chapmani-O. saturatior

(Musser & Carleton 1993) and [Habromys

lepturus-H. ixtlani]-H. lophurus (this

study). The most persuasive evidence for

the interplay of Mesoamerican topography

and phyletic diversification among montane

rodents issues from the recent studies of

Sullivan et al. (1997, 2000), who applied

cytochrome b data to the understanding of

phylogeographic relationships within the

Peromyscus aztecus and Reithrodontomys

sumichrasti complexes. In both cases, their

trees divulged an early divergence of pop-

ulations inhabiting highlands to the east of

the Isthmus of Tehuantepec from those in

highlands to the west and north. Although

the differentiation of these trans-isthmian

moieties is not recognized at the specific

level in current taxonomy, the weight of

their evidence inescapably points toward

that conclusion.

Of the 76 small terrestrial mammals and

seven montainous regions considered here

(Table 6), the greatest densities of species

occur in the highlands that flank the Isth-

mus of Tehuantepec, the Oaxacan High-

lands and Nucleiir Central America. The

latter region also contains a large percent-

age of endemic species, over half according
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to our current taxonomic understanding.

Comparably high levels of endemism, al-

beit fewer species, are recorded for the Cor-

dillera Neovolcanica and the Talamancan

Highlands; the fewest species and fewest

endemics occur in sections of the Sierra

Madre del Sur. The smaller number of mon-

tane species tabulated for the Talamancan

Highlands of southern Central America

contradicts the general continental trend in

diversity disclosed for all Mammalia
(Simpson 1964, Wilson 1974, Kaufman
1995). The depression in these southern

highlands reflects our omission of chirop-

teran species, whose abruptly greater den-

sities in the Neotropics heavily weight the

continental gradient of increased species

richness at lower latitudes (Wilson 1974,

Kaufman 1995). Otherwise, the distribution

of species richness and foci of endemism
among terrestrial small mammals corre-

spond generally to the patterns observed for

montane species of Mesoamerican amphib-

ians and birds (Duellman 1966, Hernandez-

Bafios et al. 1995, Campbell 1999); for cer-

tain groups, such as plethodontid salaman-

ders, these biodiversity landmarks corre-

spond closely (Wake & Lynch 1976).

Many of the endemics within the Oaxa-

can Highlands or Nuclear Central Ameri-

ca—such as Habromys lepturus and Micro-

tus umbrosus in the former or Cryptotis gri-

seoventris and Peromyscus zarhynchus in

the latter—are confined to discrete subre-

gions within the larger biogeographic prov-

ince recognized, narrow endemics or mi-

croendemics in the terminology of some
(Hernandez-Baiios et al. 1995 and Camp-
bell 1999, respectively). Some of these mi-

croendemics are hypothesized to be (e.g.,

Cryptotis griseoventris-C. goodwini, Wood-
man & Timm 1999), or suspected to be

(e.g., Peromyscus grandis-P. guatemalen-

sis-P. zarhynchus, Huckaby 1980), mem-
bers of clades that have locally speciated

within the principal biogeographic unit. Al-

ternatively, subsequent research may reveal

that certain "microendemics" (e.g., Sorex

sclateri or Neotoma chrysomelas) are in-

stead junior synonyms of more broadly

ranging species. Nonetheless, the decrease

in diversity or absolute endemism that re-

sults from such revisionary synonymies

will be overcompensated by the increase in

valid species yet to be identified through

systematic review of the many widely dis-

tributed, polytypic composites among these

families (see below): the distribution of

species richness and patterning of endemic-

ity evident among Mesoamerican shrews

and rodents, as tabulated here, will remain

robust in the face of such future taxonomic

study.

We agree with the suggestion of Watson

& Peterson (1999:587), who observed that

diversity patterns at the regional level of

Mesoamerica can be partly explained in

terms of singular historical factors that have

served to augment speciation, rather than

solely as correlates of general latitudinal or

climatic trends operating at a continental

scale. For small terrestrial mammals, we
would extend their observation and say that

such patterns will eventually be shown to

be more readily explainable by the former.

The occurrence of these shrews and rodents

in humid montane forests, coincident with

the complex tectonic activity and profound

climatic oscillations within the region over

the middle to late Cenozoic (e.g., see over-

view and numerous citations in Campbell

1999), has offered an ideal evolutionary

setting for recurrent fragmentation of bio-

tas, differentiation of allopatric isolates, and

secondary dispersion and overlap.

In particular, the greater species diversity

and high degree of endemism tallied for

Nuclear Central America seem consistent

with its intermediate geographic location, a

serendipitous biogeographic intersection in-

termittently accessible to groups of more

northern or southern affinity at different pe-

riods within the Cenozoic. Most species of

shrews and small rodents within Nuclear

Central America appear to share common
ancestry with those in Mexico's southern

mountains, especially the Oaxacan High-

lands (examples listed above). The pheno-
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Table 6.—Occurrences' ="'''' of terrestrial small mammals (Soricidae, Heteromyidae, Muridae) restricted to

humid montane regions of Mesoamerica.

Mountain System

Species

Cor-
dillera

Neovol- S.M.
canica Oriental

Oaxacan
High-
lands

S.M. del S.M. del

Sur-West Sur-East

Tala-

Nuclear mancan
Cent. High-
Amer. lands

Insectivora: Soricidae

Cryptotis alticola''

C. endersi'

C. goldmani^

C. goodwini''

C. gracilis""

C. griseoventris^

C. hondurensis^^

C. magna'

C. merriami"

C. mexicand'^

C. nelsoni>^

C. nigrescens"

C. obscura''

C. parva'

C. peregrina^

C. phillipsii^

Sorex macrodorf'

S. oreopolus"

S. saussurei"

S. sclateri"

S. stizodon"

S. ventralis"

S. veraepacis"

Rodentia: Heteromyidae

Heteromys nelsoni^^

H. oresterus^''

Rodentia: Muridae

Habromys chinanteco'^

H. delicatulus^

H. ixtlanii

H. lepturus^

H. lophurus^

H. simulatus^

Megadontomys cryophilus"^

M. nelsoni''

M. thomasi''

Microtiis guatemalensis°

M. mexicanus°

M. oaxacensis'

M. quasiater^

M. umbrosus^

Nelsonia goldmani'

Neotoma chrysomelas"

Neotomodon alstoni^'

Oligoryzomys vegetux'

Oryzomys asphra.stiis^

O. chapmani^

X

X

X X
X

X
X X

X

X

X X

X X
X

X
X

X
X

X

X

X

X

X

X
X

X
X

X X

X

X X
X
X

X
X X

X

X

X

X

X

X

X

X

X

X

X
X
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Table 6.—Continued.

Mountain Systerr1

Cor- Tala-

dillera Oaxacan Nuclear mancan
Neovol- S.M. High- S.M. del S.M. del Cent. High-

Species canica Oriental lands Sur-West Sur-East Amer. lands

O. devius'" X
O. rhabdops^ X
O. saturatior^ X
Peromyscus aztecus'^ X X X X X
P. baetae^-^^ X X X X X
P. furvus"^ X
P. grandis^ X
P. guatemalensis" X
P. hylocetes^-'^ X
P. mayensis^ X
P. levipes^"" X X
P. ntegalops^ X X X
P. melanocarpus^ X
P. melanotis^"' X X
P. melanurus^ X
P. winkelmanni'^^ x^

P. zarhynchus^ X
Reithrodontomys brevirostris' X X
R. chrysopsisP X
R. creper' X
R. mexicanus^ X X X X
R. microdorfi X X X
R. rodriguezi^ X
R. sumichrasti^ X X X X X X X
R. tenuirostris" X
Rheomys mexicanus^^ X X
R. }-apto?-" X
R. thomasi" X
R. undefwoodi" X
Scotinomys teguina'^ X X
S. xerampelinus'^ X

# species 14 20 24 10 14 29 18

# endemics 7 7 9 1 2 17 9

% endemicity 50.0 35.0 37.5 10.0 14.3 58.6 50.0

'"'''< Distributional sources: a, Arellano & Rogers 1994; b, Bradley et al. 2000; c, Carleton 1979; d, Carleton

1989; e, Carleton & Huckaby 1975; f, Carleton & Musser 1995; g, Carleton et al., this study; h, Castro-Campillo

et al. 1999; i, Choate 1970; j, Engstrom et al. 1992; k, Frey & Cervantes 1997a; 1, Frey & Cervantes 1997b;

m, Gardner 1983; n. Hall 1981; o, Hoffmann & Koeppl 1985; p, Hooper 1952; q. Hooper 1972; r, Hopp &
Rogers 1994; s, Huckaby 1980; t, Jones & Genoways 1970; u, Junge & Hoffmann 1981; v, Martinez-Coronel

et al. 1991; w, Martinez-Coronel et al. 1997; x, Musser 1964; y, Musser & Carleton 1993; z, Ramirez-Pulido

et al. 1991; aa, Rogers & Rogers 1992a; bb, Rogers & Rogers 1992b; cc, Schmidly et al. 1988; dd. Smith et

al. 1989; ee, Sullivan & Kilpatrick 1991; ff, Voss 1988; gg, Williams et al. 1985; hh. Woodman & Timm 1992;

ii. Woodman & Timm 1993; jj. Woodman & Timm 1999; kk. Woodman & Timm 2000.

^ The purported presence of Peromyscus wmkelmanni in mountains both to the west (Michoacan, Sierra de

Coalcoman) and east (Guerrero, Sierra Madre del Sur) of the Rio Balsas seems improbable. We have tried

unsuccessfully to locate and confirm the identification of the specimens (not listed by museum number) from

near Filo de Caballo, Guerrero, that have served as the basis for reports on the species' karyology, systematic

relationships, and vicariant biogeography (Smith et al. 1989, Sullivan & Kilpatrick 1991, Sullivan et al. 1997).

Until these specimens resurface or the site is revisited, the presence of P. winkelmanni in the Sierra Madre del

Sur, and its import for past biotic connections across the arid basin of the Rio Balsas, should be viewed as

suspect.
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gram of faunal similarity suggests such a

sequence of past biotic connections and di-

vulges a hierarchy of area relationships

(Fig. 13A) similar to that derived by Sul-

livan et al. (1997) for species and popula-

tions of the Peromyscus aztecus group (the

distribution of this complex does not in-

clude the Talamancan Highlands). Some
species in Nuclear Central America, on the

other hand, clearly indicate former conti-

nuity of populations with the Talamancan

Highlands—e.g., Cryptotis merriami

(Woodman & Timm 1993), Reithrodonto-

mys brevirostris (Jones & Genoways 1970),

and Scotinomys teguina (Hooper 1972)—or

the specifically distinct elements within

each highland area are hypothesized to

form a sister group—i.e., Rheomys thomasi-

R. raptor (Voss 1988). Parsimony analysis

of endemicity emphasizes this area relation-

ship (Fig. 13B), a result predictable from

the sharing of those aforementioned spe-

cies. Few montane shrews or rodents seem

to share nearest common ancestry with

lowland forms, a cladogenetic pattern that

has been identified for the Mesoamerican

highland herpetofauna (Savage 1982). Pos-

sible mammalian examples include Oryzo-

mys rhabdops, a species thought to be most

closely related to a lowland form such as

O. alfaroi or O. rostratus (Carleton & Mus-
ser, in litt.), and Cryptotis merriami, per-

haps closely related to C. mayensis of the

Yucatan Peninsula (Woodman & Timm
1993). Rigorous phylogenetic investiga-

tions of montane small mammals are re-

gretfully few to amplify these casual im-

pressions of historical biogeography or to

appraise the relative importance of northern

versus southern origins of the component

taxa that compose current montane biotas

within Mesoamerica, the studies of Voss

(1988), Sullivan et al. (1997, 2000), and

Woodman & Timm (1999) providing note-

worthy exceptions.

The foregoing consideration of patterns

of diversity and area relationship requires

several obvious caveats apropos our current

knowledge of distribution and taxonomy of

small terrestrial mammals in Mesoamerica.

Four are paramount.

(1) The a priori circumscription of the

seven regions (Table 6, Fig. 13) as analyz-

able biogeographic units or areas of ende-

mism poses issues of definability and com-
parability on both geographical and ecolog-

ical scales. Such procedural questions have

provoked much debate over deciding the

actual distributional congruence of taxa and

distilling historically meaningful areas of

endemism (e.g., see Harold & Mooi 1994,

Andersson 1996, Humphries & Parenti

1999, and references cited by each). The

evidence for the seven humid montane dis-

tricts as areas of endemism for small mam-
mals remains largely circumstantial, but

their precedence as such is jointly persua-

sive: they have drawn recognition, exactly

or partly, in the early descriptive biogeo-

graphic literature on Mesoamerican mam-
malian distributions (Baker 1963, Ryan

1963); they have received greater or lesser

attention in revisionary studies of taxa

broadly distributed over Mesoamerica
(Hooper 1952; Choate 1970; Carleton

1979; Huckaby 1980; Sullivan & Kilpatrick

1991; Woodman & Timm 1999, 2000); they

have been hierarchically delineated in re-

cent phylogeographic studies of small, co-

distributed rodents (Sullivan et al. 1997,

2000); and the same or similar ecophysio-

graphic regions repeatedly appear in bio-

geographic commentary on other Mesoam-
erican organisms (Duellman 1966, Savage

1982, Wake 1987, Good 1988, Hernandez-

Banos et al. 1995, Campbell 1999, Morrone

et al. 1999).

Still, discrepancies are apparent in how
these physiographic areas have been per-

ceived by biogeographers of different ver-

tebrate groups. Noteworthy is the contrast

in the southern delimitation of the Siena

Madre Oriental region as usually envi-

sioned by mammalogists (Baker 1963, Fa

& Morales 1993) versus that as circum-

scribed by herpetologists (Wake & Lynch

1976, Campbell 1999) and ornithologists

(Hernandez-Baiios et al. 1995). The former
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Cordillera

Neovolcanica

Sierra Madre
Oriental

Oaxacan
Highlands

Sierra Madre
del Sur - East

Sierra Madre
del Sur - West

Nuclear
Central America

Talamancan
Highlands

0.0 0.5

Faunal Similarity

1.0

B

Cordillera

Neovolcanica

Sierra Madre

Oriental

Oaxacan

Highlands

SierraMadre

delSur-East

SierraMadre

del Sur -West

Nuclear

Central America

Talamancan

Highlands

Fig. 13. Two interpretations of area relationships based on the geographic occurrences of small terrestrial

mammals restricted to montane humid-forest associations in Mesoamerica (Table 6). A, Phenogram of faunal

similarity produced from nearest-neighbor clustering of Jaccard's Index (coefficient of cophenetic correlation =

0.926, P < 0.001). B, Shortest tree (length = 87) derived from parsimony analysis of endemicity (consistency

index, excluding uninformative taxa, = 0.61; retention index = 0.54).
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have included the bordering Cordilleras of

the Mexican Plateau only to the vicinity of

the eastern reaches of the Cordillera Neo-

volcanica, whereas the latter extend the bio-

geographic province farther south to in-

clude the Sierras de Juarez and Zempoal-

tepec of northern Oaxaca. Ecological con-

siderations, as much as or more than

physiographic ones, may bear on these dif-

fering interpretations of the limits of the Si-

erra Madre Oriental as an area of ende-

mism. For example, the Sierra Madre Ori-

ental inclusive of humid montane forests, as

identified here and in other studies, already

conflates the notions of physiographic space

and biotic community and introduces defi-

nitional ambiguities (see Andersson 1996).

Future researchers will undoubtedly im-

prove these area definitions, accepted here

as (loosely) predefined, and correct atten-

dant inconsistencies and assumptions as

they apply to montane small mammals. The
seven mountain regions are probably coarse

biogeographic groupings that should be

subdivided more in line with those identi-

fied for the Mesoamerican avifauna, as a

basis for initially mapping vouchered spe-

cific occurrences and then discerning mean-

ingful biogeographic units (Hernandez-Ba-

rios et al. 1995). For many small mammals,
however, the distributional baseline and tax-

onomic framework do not match those

available for Neotropical ornithology. Re-

finement of area definitions thus requires

much basic attention to the insufficiencies

identified in the next two points.

(2) Recognizing congruence in geograph-

ic ranges and areas of endemism hinges

foremost on the empirical foundation of

species distributions. Levels of collecting

effort and the field sampling methods em-
ployed are implicitly assumed to be com-
parable in deriving the species tallies used

to compute faunal resemblances. For the

small mammals in question, we know that

such biological survey and vouchered doc-

umentation within and among these high-

lands are grossly uneven and incomplete.

The omission of at least some naturally oc-

curring species from a given region is prob-

able, and the status of rarely collected spe-

cies as broadly or narrowly distributed

within it is uncertain. Additional field in-

ventory is the obvious prescription, empha-

sizing elevational transects where continu-

ous forest remains, together with intensive

site surveys to document the resident mon-
tane mammals. The recent investigations in

northern Oaxaca by Briones-Salas et al.

(2001) and Sanchez-Cordero (2001) offer

model examples that could be profitably ex-

tended to other mountain systems whose
small mammals are poorly known. The in-

sufficiencies to be redressed for the mam-
malian fauna indigenous to Mesoamerican

humid montane forests are essentially the

same as those identified by Voss and Em-
mons (1996:68-70) for Neotropical low-

land rainforests.

(3) In addition to basic field inventory,

the need for concerted systematic review of

many montane forms, particularly those

that are widely distributed, is sorely mani-

fest. Many are species composites (see next

discussion), and future revisions will nec-

essarily alter the present snapshot of species

diversity, geographic occurrence, and levels

of endemicity. Indeed, the dry environment

of the Isthmus of Tehuantepec and its in-

hospitable nature for mesic-adapted organ-

isms encourage the prediction that no spe-

cies of small terrestrial mammal restricted

to middle to upper montane humid forest

has constituent populations distributed in

mountains on both sides of it. This should

be the operable null hypothesis requiring

falsification as systematic revision of poly-

typic, widely distributed forms in Mesoam-
erica proceeds. The present tally of 76 spe-

cies of shrews and small rodents thought to

be restricted to Mesoamerican highland for-

est probably underestimates the biodiversity

of these families by 30%, perhaps as much
as 40%.

(4) Co-occunence measures of faunal

similarity and parsimony analyses of ende-

mism, while useful exploratory approaches

to highlight possible areas of endemicity
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and implicate zones of vicariance (e.g., see

Harold & Mooi 1994), lack the power to

critically invoke historical geographic

events and their potential importance in the

genesis of kinship patterns. The phenetic hi-

erarchy among the montane regions di-

vulged by resemblance coefficients is

heavily influenced by the number of en-

demic species, counts of which speak little

to their historical patterns of diversification.

The structure of area relationships apparent

from parsimony analyses of endemism
stresses the coassociations of species pre-

sumed to be monophyletic. Unfortunately,

these are precisely the same widely ranging,

polytypic forms whose composite nature is

most suspect. Nor can we presume that the

heterogeneous elements of these nominal

constructs, when eventually demonstrated

to be specifically distinct, themselves form

a monophyletic clade. Choate's (1970) def-

initions of Cryptotis goldmani and C. mex-

icana have been shown to be paraphyletic

or polyphyletic mosaics in subsequent cla-

distic studies (Woodman & Timm 1999,

2000). The species segregated from Pero-

myscus boylii sensu Osgood (1909) or

Hooper (1968) have proven to be members
of at least two (Carleton 1989) or probably

three (Tiemann-Boege et al. 2000) different

species groups.

Well-supported hypotheses of phyloge-

netic relationship for multiple, co-occurring

species provide a stronger basis for identi-

fication of concordant patterns of area re-

lationship, and this is the great advantage

supplied by the studies of Sullivan et al.

(1997, 2000) and Woodman & Timm
(1999). Many more small mammals distrib-

uted over the same Mesoamerican mountain

ranges deserve comparable phylogenetic in-

vestigation and detailed systematic revision

to assess the generality of the biogeograph-

ic patterns that their studies reveal.

Efforts to improve upon any one of these

inadequacies, but especially points 2 and 3,

will synergistically advance our under-

standing of the others.

Summary And Research Prospectus

The substantial genetic and morphologi-

cal discontinuities now being uncovered

within such broadly distributed species of

Mesoamerican small mammals should sur-

prise no one when the historical context of

their definition is considered. Widespread

ascension of the biological species concept,

as taxonomically evidenced in the expanded

usage of the trinomial, constrained the sys-

tematist's interpretation of interpopulational

variation and its habitual nomenclatural ex-

pression, the subspecies. Operating under

the guiding paradigm of the New System-

atics, taxonomic revisions conducted

throughout the early to middle 1900s

served to accrete more or less distinctive

forms as widely ranging, polytypic species,

for example as neatly mapped in Hall

(1981), and in doing so, superficially im-

parted a well understood foundation of spe-

cies systematics and geographic distribu-

tions. With regard to biogeographic under-

standing of Mesoamerican small mammals,
such protean specific constructs, ranging

over highlands from southern Mexico to

western Panama, obscured or diminished

appreciation of potential barriers such as the

Isthmus of Tehuantepec and the Nicaraguan

Depression whenever systematists pondered

the distributional limits of Neotropical spe-

cies.

The improved investigational tools (mor-

phometry, karyology, electrophoresis, gene

sequencing) and methodological advance-

ments (cladistics, phylogenetic species, vi-

cariant biogeography, phylogeography), as

they began to enter the practice of system-

atic mammalogy in the late 1900s, simply

confer a more rigorous conceptual frame-

work and improved analytic procedures to

refine the systematic foundation handed

down from the New Systematics era. Of
relevance here, these fresh approaches to

questions of species-level taxonomy pro-

vide explicit and concrete evaluation of var-

iation, most notably as they bear on the

kinds of evidence marshalled by our sys-
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tematic predecessors to support population-

al intergradation, a conclusion integral to

adducing conspecificity. For them, the cri-

terion of intergradation, whether actually

demonstrated (seldom) or plausibly inferred

(often), was practically applied in two

ways.

One involved the expectation that mor-

phological intermediacy would be found to

characterize geographically intermediate

populations between two otherwise distinc-

tive forms, whether separated by great or

small distances. Thus, Osgood (1909:123-

124), in justifying his subspecific arrange-

ment of Peromyscus leucopus, reasoned

that "If we suppose that leucopus, texanus,

etc., have continuous distribution with grad-

ual intergradation (and no doubt this is the

case), we should expect to find specimens

in central Oklahoma intermediate in char-

acter between aridulus and texanus on the

one hand and between leucopus and tex-

anus on the other." Vouchered documen-

tation of intergradation between these sub-

species in Oklahoma was eventually con-

firmed, although Osgood could hardly have

foreseen the fertile evolutionary essays on

step clines, hybrid tension zones, and ge-

netic introgression that his pragmatic clas-

sificatory outline would one day animate

(Baker et al. 1983, Stangl & Baker 1984a,

Stangl 1986, Nelson et al. 1987). In his

study of variation and subspeciation within

Peromyscus truei, Hoffmeister (1951:48)

did recognize an abrupt shift in certain mor-

phological features around the U.S.-Mexi-

can boundary, but supposed that "the zone

of intergradation between truei and gentilis

[now = P. gratus] is narrow." In this in-

stance, finer regional sampling in southern

New Mexico and recourse to discretely as-

sortative traits such as chromosomal inver-

sions and protein alleles have not sustained

Hoffmeister's conclusion (Zimmermann et

al. 1978, Modi & Lee 1984, Janecek 1990);

however, his treatment was certainly rea-

sonable and understandable given the geo-

graphic samples then at hand, existing uni-

variate methods for analyzing variation, and

period conventions for representing spe-

cies-level taxonomic hypotheses.

The second evidentiary standard for in-

tergradation involved the detection of mor-

phological extremes within a homogeneous
population, or geographically discrete set of

populations, that purportedly overlapped or

bridged the diagnostic traits cited for named
geographic isolates. In arguing the synon-

ymy of Reithrodontomys sumichrasti (in the

highlands west of the Isthmus of Tehuan-

tepec) and dorsalis (in highlands to the

east). Hooper (1952:79) acknowledged that

"it is improbable that their populations are

continuous at the present time," yet "There

is now ample evidence of intergradation,

through individual variation, of dorsalis

and sumichrasti; they can best be treated as

conspecific." Whether viewed as a species

(Howell 1914) or subspecies (Hooper

1952), each geographic grouping is strongly

characterized morphologically, and as re-

vealed by recent molecular research (Sulli-

van et al. 2000), highly distinctive geneti-

cally as well. In like manner, Musser (1969:

17) judged the two "morphologically dis-

tinctive" but wholly "insular groups" of

Habromys (lepturus and ixtlani) to "inter-

grade through individual variation," a pre-

diction not sustained by morphometric eval-

uation of that variation.

The new information sources, analytical

techniques, and methodological rigor that

emerged in the late 1900s will supply crit-

ical examination of either notion of inter-

gradation, but they will prove crucially piv-

otal in reappraising interpretations of the

second kind, the "individual variation"

once used to conclude the specific synon-

ymy of more or less distinctive geographic

isolates. Polytypic candidates for renewed

revisionary attention abound among Me-
soamerica's small terrestrial mammals dis-

tributed in highland settings: Sorex saus-

surei, S. veraepacis, Cryptotis mexicaua,

and C parva\ Oryzomys chapmani; Pero-

myscus aztecus and P. baetae: and Reith-

rodontomys sumichrasti, R. fulvescens, R.

nuwicanus, and R. microdon. Systematic
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scrutiny should also be devoted to forms

with extensive altitudinal ranges—e.g., spe-

cies of Liomys, Heteromys desmarestianus,

Neotoma mexicana, Peromyscus mexican-

us, Reithrodontomys fluvescens, R. megal-

otis, Sigmodon hispidus—elements of

which may also prove to be members of

these highland assemblages. And of course,

taxonomic review of broadly distributed

lowland taxa and their differentiation along

and across the eastern versus western ver-

sants of Mesoamerica are similarly war-

ranted. The informed (!!!) dismantling of

these species composites (see next) will di-

vulge a clearer picture of mammalian bio-

diversity within the region, provide a firmer

basis for identifying exemplars in phylo-

genetic studies, and encourage wider appli-

cation of a well documented species tax-

onomy to issues of Mesoamerican bioge-

ography equivalent to those already avail-

able for the herpetofauna and avifauna.

Such goals comprise an integrated research

venue as rich in potential evolutionary and

biogeographic dividends as those that have

unfolded from the lively systematic re-

search on mammals in the mountains and

basins of western North America (e.g., see

Brown 1978; Hafner & Sullivan 1995; Rid-

dle 1995, 1998).

In view of the substantial genetic diver-

gences disclosed, the specific separation be-

tween populations of Peromyscus aztecus

or Reithrodontomys sumichrasti to the west

and east of the Tehuantepec corridor is

probable. And, while one is tempted to

hastily acknowledge each of these clades as

species and to merely select the oldest

available epithet within each region, such

taxonomic changes should be firmly

grounded within thoughtful systematic re-

visions, as Sullivan et al. (1997, 2000) have

prudently recommended. The possibility, or

rather the probability, exists for even great-

er taxonomic complexity hidden by the cur-

rent classifications, since other name-bear-

ing types have been designated for those

southern populations of ''aztecus'' and
''sumichrasti.'" In both cases, the single

area designation "Nuclear Central Ameri-

ca" overly simplifies a complex geomor-

phology and dynamic epicenter of historical

geography within northern Mesoamerica,

wherein the likelihood of population frag-

mentation and additional specific differen-

tiation is strong. The continuing saga of

Peromyscus "boylii," a polytypic construc-

tion of the early to middle 1900s (Osgood

1909, Hooper 1968) from which an aston-

ishing amount of species diversity has

emerged over the past 25 years (see Carle-

ton 1989 and Tiemann-Boege et al. 2000

for summaries), recommends a balanced

approach that draws upon a variety of char-

acter data and that integrates geographic

surveys designed to resolve specific taxo-

nomic questions within and among the re-

gions of interest.

Taxonomic Summary

Habromys Hooper & Musser

Peromyscus {Habromys) Hooper & Musser,

1964:12 (type species

—

Peromyscus lep-

turus Merriam, 1898).

Habromys: Carleton, 1980:125.-1989:
122.

Habromys lepturus (Merriam, 1898)

Peromyscus lepturus Merriam, 1898:118

(type locality—Mexico, Oaxaca, Mount
Zempoaltepec, 8200 ft; holotype

—

USNM 68612).

Habromys lepturus: Carleton, 1989:122.

Distribution.—Narrow altitudinal zone

(2500-3000 m) on the upper slopes of Cer-

ro Zempoaltepec, northcentral Oaxaca,

Mexico.

Specimens examined.—Mexico, Estado

Oaxaca, Totontepec (USNM 68642);

Mount Zempoaltepec, 8200 ft (AMNH
13892; USNM 68609, 68612-68615,
68618, 68619); northwest slope of Cerro

Zempoaltepec, 3000 m (KU 124504-
124506, 124511-124515, 124516-124531);

southeast slope of Cerro Zempoaltepec,

3000 m (KU 124507, 124508).
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Habromys ixtlani (Goodwin, 1964)

Peromyscus ixtlani Goodwin, 1964:3 (type

locality—Mexico, Oaxaca, District of

Ixtlan, Cerro Machin, 5 km NE of Ma-
cuiltianguis, 9000 ft; holotype—AMNH
182099).

Peromyscus lepturus ixtlani: Musser, 1969:

17 (reassigned as subspecies).

Habromys lepturus [ixtlani]: Musser &
Carleton, 1993:703 (cited in synonymy

without indication of rank).

Distribution.—Upper gulf-facing and in-

terior slopes of the Sierra de Juarez, north-

central Oaxaca; documented altitudinal oc-

currence from 2350 to 3150 m.

Specimens examined.—Mexico, Estado

Oaxaca, Distrito Ixtlan, Cerro Machin, 5 km
NE Macuiltianguis, 9000 ft (AMNH 182098,

182100-182104, 182133, 182143); 5.2 mi

NNE (by rd) El Machin, 2600 m (MVZ
159722-159727, 159729, 161263-161273);

12 mi SSW Vista Hermosa, 9300 ft (KU
99990, 99991); 28.6 km S (by rd) Vista Her-

mosa, 2350 m (KU 124108, 124109,

124111-124118, 124492-124497, 124499-

124501); 31 km S (by rd) Vista Hermosa

(KU 136590); 31.6 km S (by rd) Vista Her-

mosa, north slope of Cerro Pelon, 2650 m
(KU 124119, 124120, 124470-124491,

124637, 124470); northeast slope of Cerro

Pelon, 2620 m (KU 120683-120686); Cerro

Felon, 9400 ft (UMMZ 114512-114515);

Llano de Las Flores, 2800, 2900, and 3150

m (AMNH 212401; KU 92430, 120687,

121433-121437, 124121-124127, 124502);

12 mi N Ixtlan de Juarez, Llano de Las Flo-

res, 9200 ft (UMMZ 109069-109074,

109639-109648); north of Llano de Las Ro-
res, 9500 ft (UMMZ 112821-112835,

1 13085-1 13087); 1 1 mi NE (by Tuxtepec rd)

Llano de Las Flores, 9100 ft (UMMZ
112836-1 12841); 13 mi NE (by Tuxtepec rd)

Llano de Las Flores, southern slopes of Cerro

Pelon, 9200 ft (112842-112864, 113084,

1 13788-1 13800); 4 mi SW (by rd) Llano de

Las Flores, 8200 ft (UMMZ 112820).

Habromys lophurus (Osgood, 1904)

Peromyscus lophurus Osgood, 1904:72

(type locality—Guatemala, Huehueten-

ango, Todos Santos; holotype—USNM
77219).

Habromys lophurus: Carleton, 1989:122.

Distribution.—Middle to upper montane
habitats (1950-3110 m) east and south of

the Isthmus of Tehuantepec, from southern

Chiapas, Mexico, through central Guate-

mala, to northernmost El Salvador.

Specimens examined.—El Salvador, De-

partamento Chalatenango, Los Esesmiles,

8000 ft (MVZ 98615-98617, 131812).

Guatemala, Departamento Chimaltenango,

Tecpan, Chichavac, 8800 ft (FMNH
41744); Departamento Huehuetenango, 2

mi S San Juan Ixcoy, 9340 ft (KU 65495,

65497-65499, 65501, 65503, 65506,

65511); 4 km NW Santa Eulalia,

"Yayquich," 2950 m (UMMZ 118035-

118049, 118363-118367); Todos Santos

(USNM 77218-772122, 77224). Depart-

mento San Marcos, southern slope of Vol-

can Tajumulco, 10,000 ft (UMMZ 99579).

Departmento Quezaltenango, Calel, 10,200

ft (USNM 77261, 77262). MEXICO, Es-

tado Chiapas, Pinabete (USNM 77618,

77631, 77632, 77637, 77638); Triunfo,

1950 m (UMMZ 88312-88316, 88318);

San Cristobal de Las Casas (USNM 75992-

75994, 76600); Cerro Tzontehuitz, 3000 m
(UMMZ 118050).

Habromys simulatus (Osgood, 1904)

Peromyscus simulatus Osgood, 1904:72

(type locality—Mexico, Veracruz, near

Jico, 6000 ft; holotype—USNM 55028).

Habromys simulatus: Carleton, 1989:122.

Distribution.—Currently known from

widely scattered localities along the eastern

slopes (1830-2200 m) of the Sierra Madre

Oriental, from southern Hidalgo to northern

Oaxaca, Mexico.

Specimens examined.—Mexico, Estado

Hidalgo, Municipio Tenango de Doria, 10

km SW Tenango de Doria, El Potrero, 2200
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m (BYU 15050); Estado Oaxaca, Distrito

Teotitlan, 1.5 km S Puerto de la Soledad,

2200 m; 18° 09.742' N, 96° 59.852' W
(BYU 15051-15053); Estado Veracruz,

near Jico, 6000 ft (USNM 55027, 55028);

3 km W Zacualpan, 6000 ft (KU 83263).

Habrornys chinanteco (Robertson &
Musser, 1976)

Peromyscus chinanteco Robertson & Mus-
ser, 1976:1 (type locality—Mexico, Oa-

xaca, northern slope of Cerro Pelon, 31.6

km S Vista Hermosa, 2650 m; holo-

type—KU 124130).

Habrornys chinanteco: Carleton, 1989:122.

Distribution.—Gulf-facing slopes (2080-

2650 m) of Cerro Felon, Sierra de Juarez, in

northcentral Oaxaca, Mexico.

Specimens examined.—Mexico, Estado

Oaxaca, Distrito Ixtlan, 21 km S (by rd)

Vista Hermosa, 2080 m (KU 136589); 28.6

km S (by rd) Vista Hermosa, 2350 m (KU
124129); 31.6 km S (by rd) Vista Hermosa,

northern slope of Cerro Felon, 2650 m (KU
124130, 124131, 124532); 16 mi SSW La
Esperanza, 8000 ft (AMNH 254780).
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Appendix I.—Descriptive statistics for selected external and cranial variables and OTUs of Habromys.

Species and OTU n Mean Range SD

H. delicatulus (OTU 6)

H. chinanteco (OTU 1)

H. simulatus (OTUs 12-13)

H. ixtlani

(OTU 2)

(OTU 4)

H. lepturus (OTU 5)

H. lophurus

(OTU 7)

(OTU 9)

H. delicatulus (OTU 6)

H. chinanteco (OTU 1)

H. simulatus (OTUs 12-13)

H. ixtlani

(OTU 2)

(OTU 4)

H. lepturus (OTU 5)

H. lophurus

(OTU 7)

(OTU 9)

H. delicatulus (OTU 6)

H. chinanteco (OTU 1)

H. simulatus (OTUs 12-13)

H. ixtlani

(OTU 2)

(OTU 4)

H. lepturus (OTU 5)

H. lophurus

(OTU 7)

(OTU 9)

H. delicatulus (OTU 6)

H. chinanteco (OTU 1)

H. simulatus (OTUs 12-13)

H. ixtlani

(OTU 2)

(OTU 4)

H. lepturus (OTU 5)

H. lophurus

(OTU 7)

(OTU 9)

H. delicatulus (OTU 6)

H. chinanteco (OTU 1

)

H. simulatus (OTUs 12-13)

H. ixtlani

(OTU 2)

(OTU 4)

W. lepturus (OTU 5)

//. lophurus (OTU 9)

Total length

6 156

5 199

7 183

43 249

57 249

24 233

11 208

12 211

Head and Body length

6 78

5 90

7 89

43 117

57 123

24 113

11 99

12 101

Tail length

6 78

5 109

7 94

43 132

57 126

24 120

11 109

12 110

Hindfoot length

6 19.2

6 23.3

7 22.6

48 28.9

58 28.3

29 26.5

5 24.7

13 23.9

Ear length

6 19.4

6 17.5

5 17.8

48 21.6

57 21.3

21 21.6

7 IS.

7

148-163

192-212

168-203

210-273

221-280

207-262

187-220

195-230

73-82

87-92

82-94

100-130

105-145

94-125

84-108

92-110

74-81

103-121

78-111

110-147

100-147

103-146

92-115

99-125

18-20

23-24

21-24

28-31

27-30

24-28

24-25

23-25

18-20

16-18

16-19

20-24

20-24

20-23

17-19

5

9

12

14

13

11

11

12

3

2

5

7

8

7

7

6

2

8

10

9

10

9

0.7

0.5

1.0

0.8

0.9

1.0

0.4

0.7

0.7

0.8

1.3

0.8

1.0

0.8

0.7
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Species and OTU n Mean Range SD

Weight

H. delicamlus (OTU 6) 6 13.5 10-19 3.1

H. chinanteco (OTU 1) 5 19.3 17-22 2.1

H. simulants (OTUs 12--13) 5 17.8 17-19 0.8

H. ixtlani

(OTU 2) 48 42.8 26-54 6.6

(OTU 4) 50 42.8 29-55 5.7

H. leptums (OTU 5) 1 31.4

H. lophurus (OTU 9) 7

Occipitonasal

32.4

length

24^1 5.7

H. delicamlus (OTU 6) 6 22.7 22.1-23.3 0.4

H. chinanteco (OTU 1) 6 26.0 25.6-26.5 0.2

H. simulants (OTUs 12--13) 7 25.9 24.4-26.9 0.9

H. ixtlani

(OTU 2) 46 30.8 27.5-32.6 1.0

(OTU 4) 60 30.9 28.8-32.9 0.7

H. leptums (OTU 5) • 27 29.7 28.1-30.8 0.7

H. lophurus

(OTU 7) 10 27.1 25.4-28.1 09
(OTU 9) 13 27.5 25.6-28.5 0.9

Zygomatic breadth

H. delicatuhis (OTU 6) 6 11.7 11.4-12.2 0.3

H. chinanteco (OTU 1) 6 13.1 12.9-13.6 0.3

H. simulatus (OTUs 12--13) 7 13.2 12.4-13.5 0.4

H. ixtlani

(OTU 2) 46 15.5 14.2-16.7 0.5

(OTU 4) 60 15.6 14.1-16.7 0.5

H. leptums (OTU 5) 27 15.1 14.1-15.6 0.4

//. lophurus

(OTU 7) 10 14.0 13.1-14.9 0.5

(OTU 9) 13 14.5 13.3-16.4 0.7

Breadth of zygomatic plate

//. delicatuhis (OTU 6) 6 1.6 1.5-1.7 0.06

//. chinanteco (OTU 1

)

6 1.9 1.9-2.0 0.05

//. simulatus (OTUs 12--13) 7 2.0 1.8-2.2 0.12

//. ixtlani

(OTU 2) 46 2.7 2.1-3.0 0.17

(OTU 4) 60 2.7 2.3-3.1 0.17

//. lepturus (OTU 5) 27 2.6 2.3-2.8 0.15

//. lophurus

(OTU 7) 10 2.3 1.9-2.5 0.19

(OTU 9) 13 2.3 2.0-2.7 0.21

Interorbital breadth

//. delicatuhis (OTU 6) 6 4.0 3.9^.1 0.1

//. chinanteco (OTU 1) 6 4.4 4.3^.5 0.1

//. simulatus (OTUs 12-13) 7 4.4 4.3-4.5 0.1

//. ixtlani

(OTU 2) 46 4.6 4.3-5.0 0.2

(OTU 4) 60 4.7 4.3-4.9 0.1

//. lepturus (OTU 5) 27 4.5 4.3^.7 0.1

//. lophurus

(OTU 7) ^H^m 4.2 4.0-4.5 0.1

(OTU 9) ^K 4.3 4.1^.8 0.2
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Species and OTU n Mean Range SD

Breadth of braincase

H. delicatulus (OTU 6) 6 10.9 10.7-11.3 0.2

H. chinanteco (OTU 1) 5 12.1 12.0-12.3 0.1

H. simulatus (OTUs 12--13) 7 12.1 11.8-12.3 0.2

H. ixtlani

(OTU 2) 46 12.7 12.1-13.2 0.2

(OTU 4) 60 12.7 12.2-13.1 0.2

H. lepturus (OTU 5) 27 12.5 11.9-13.5 0.3

H. lophurus

(OTU 7) 10 11.8 11.0-12.6 0.5

(OTU 9) 13

Breadth across

12.1

occipital condyles

11.6-12.5 0.3

H. delicatulus (OTU 6) 6 5.4 5.3-5.5 0.1

H. chinanteco (OTU 1) 6 5.9 5.8-6.1 0.1

H. simulatus (OTUs 12-•13) 7 5.9 5.7-6.1 0.2

H. ixtlani

(OTU 2) 46 6.8 6.0-7.2 0.2

(OTU 4) 60 6.7 6.4-7.

1

0.2

H. lepturus (OTU 5) 27 6.6 6.2-6.9 0.2

H. lophurus

(OTU 7) 10 6.1 5.7-6.5 0.2

(OTU 9) 13 6.3 6.0-6.5 0.2

Height of braincase

//. delicatulus (OTU 6) 6 8.5 8.4-8.7 0.1

//. chinanteco (OTU 1

)

5 9.2 8.7-9.5 0.3

//. simulatus (OTUs 12--13) 7 9.3 8.9-9.9 0.4

//. ixtlani

(OTU 2) 46 9.9 9.4-10.3 0.2

(OTU 4) 60 10.0 9.6-11.8 0.2

//. lepturus (OTU 5) 27 10.1 9.3-12.4 0.5

//. lophurus

(OTU 7) 10 9.4 9.0-9.8 0.3

(OTU 9) 13 9.6 8.9-10.1 0.4

Length of rostrum

//. delicatulus (OTU 6) 6 7.3 7.0-7.7 0.2

//. chinanteco (OTU 1) 6 8.9 8.5-9.4 0.3

//. simulatus (OTUs 12-13) 7 8.7 8.3-9.3 0.4

//. ixtlani

(OTU 2) 46 11.3 9.8-12.2 0.5

(OTU 4) 60 11.1 9.8-12.1 0.4

//. lepturus (OTU 5) 27 10.4 9.6-11.1 0.4

//. lophurus

(OTU 7) 10 9.0 8.5-9.3 0.2

(OTU 9) 13 9.3 8.2-9.8 0.5

Breadth of Rostrum

//. delicatulus (OTU 6) 6 3.9 3.9-4.0 0.1

//. chinanteco (OTU 1) 6 4.6 4.3-4.8 0.2

//. simulatus (OTUs 12--13) 7 4.6 4.2^.9 0.2

//. ixtlani

(OTU 2) 46 5.2 4.8-5.7 0.2

(OTU 4) 60 5.2 4.6-5.9 0.3
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Species and OTU n Mean Range SD

H. leptums (OTU 5) 27 5.1 4.6-5.7 0.2

H. lophurus

(OTU 7) 10 4.5 4.1-^.8 0.3

(OTU 9) 13 4.7 4.3-5.1 0.2

Length of diastema

H. delicatuhis (OTU 6) 6 5.7 5.5-5.9 0.2

H. chinanteco (OTU 1) 6 6.5 6.2-6.8 0.3

H. simulatus (OTUs 12-13) 7 6.6 6.1-6.9 0.3

H. ixtlani

(OTU 2) 46 8.2 7.1-9.0 0.4

(OTU 4) 60 8.3 7.4-8.9 0.3

H. leptums (OTU 5) 27 7.6 6.9-8.1 0.3

H. lophurus

(OTU 7) 10 6.7 6.3-7.2 0.3

(OTU 9) 13

Length of

6.9

incisive foramen

5.9-7.3 0.4

H. delicatulus (OTU 6) 6 4.6 4.4-4.7 0.1

H. chinanteco (OTU 1) 6 5.0 4.7-5.2 0.2

H. simulatus (OTUs 12- 13) 7 5.2 4.9-5.5 0.3

H. ixtlani

(OTU 2) 46 6.3 5.3-7.1 0.3

(OTU 4) 60 6.5 6.0-7.1 0.2

//. leptums (OTU 5) 27 6.1 5.6-6.6 0.2

//. Iophums
(OTU 7) 10 5.8 5.5-6.2 0.2

(OTU 9) 13

Breadth of

5.6

incisive foramina

5.1-6.0 0.3

//. delicatulus (OTU 6) 6 1.6 1.5-1.7 0.06

//. chinanteco (OTU 1

)

6 2.0 1.9-2.1 0.08

//. simulatus (OTUs 12- 13) 7 1.9 1.7-2.0 0.10

//. ixtlani

(OTU 2) 46 2.2 1.9-2.5 0.13

(OTU 4) 60 2.2 1.9-2.5 0.11

//. leptums (OTU 5) 27 2.2 2.0-2.4 0.13

W. lophums

(OTU 7) 10 1.9 1.8-2.1 0.09

(OTU 9) 13 2.0 1.8-2.2 0.14

Length of bony palate

//. delicatulus (OTU 6) 6 3.4 3.3-3.5 0.1

f/. chinanteco (OTU 1) 6 4.3 3.9-4.5 0.2

//. simulatus (OTUs 12--13) 7 3.8 3.6^.3 0.2

//. ixtlani

(OTU 2) 46 5.1 4.5-5.6 0.3

(OTU 4) 60 5.0 4.6-5.5 0.2

//. leptums (OTU 5) 27 4.4 4.1^.8 0.2

//. lophums

(OTU 7) 10 4.1 3.9-4.4 0.1

(OTU 9) 13 4.1 3.5-4.4 0.2

Palatal breadth between Mis

//. delicatulus (OTU 6) 6 2.5 2.4-2.6 0.1

//. chinanteco (OTU 1) 6 2.7 2.6-2.9 0.1

//. simidatus (OTUs 12--13) 7 2.8 2.7-3.1 0.1
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Species and OTU n Mean Range SD

H. ixtlani

(OTU 2) 46 3.1 2.8-3.4 0.1

(OTU 4) 60 3.1 2.7-3.7 0.2

H. lepturus (OTU 5) 27 3.0 2.5-3.4 0.2

H. lophitrus

(OTU 7) 10 2.5 2.2-2.8 0.2

(OTU 9) 13 2.7 2.4-3.1 0.2

Width of mesopterygoid fossa

H. delicatulus (OTU 6) 6 1.5 1.4-1.6 0.07

H. chinanteco (OTU 1) 6 1.8 1.6-1.8 0.08

H. simulatus (OTUs 12-13) 7 1.7 1.6-1.8 0.08

H. ixtlani

(OTU 2) 46 2.1 1.8-2.4 0.17

(OTU 4) 60 2.1 1.7-2.4 0.16

H. lepturus (OTU 5) 27 1.9 1.8-2.1 0.09

H. lophurus

(OTU 7) 10 1.8 1.7-2.0 0.10

(OTU 9) 13 2.0 1.7-2.2 0.15

Postpalatal length

H. delicatulus (OTU 6) 6 8.0 7.8-8.3 0.2

H. chinanteco (OTU 1) 6 8.9 8.6-9.1 0.2

H. simulatus (OTUs 12-13) 7 9.0 8.4-9.4 0.3

H. ixtlani

(OTU 2) 46 10.9 9.1-11.7 0.5

(OTU 4) 60 11.0 10.1-11.8 0.3

H. lepturus (OTU 5) 27 10.4 9.6-11.0 0.3

H. lophurus

(OTU 7) 10 9.5 8.9-10.0 0.4

(OTU 9) 13 9.7 9.1-10.2 0.3

Coronal length of maxillary toothrow

H. delicatulus (OTU 6) 6 3.34 3.24-3.46 0.08

H. chinanteco (OTU 1

)

6 3.89 3.81-4.01 0.07

H. simulatus (OTUs 12-13) 7 3.98 3.82-4.11 0.09

H. ixtlani

(OTU 2) 49 5.17 4.88-5.45 0.14

(OTU 4) 60 5.08 4.72-5.45 0.16

//. lepturus (OTU 5) 27 4.92 4.69-5.12 0.12

//. lophurus

(OTU 7) 10 4.71 4.42-4.83 0.12

(OTU 9) 13

Width of first

4.58

upper molar

4.44^.68 0.11

//. delicatulus (OTU 6) 6 0.95 0.89-1.01 0.05

//. chinanteco (OTU 1

)

6 1.09 1.06-1.13 0.02

//. simulatus (OTUs 12-13) 7 1.12 1.06-1.12 0.04

//. ixtlani

(OTU 2) 49 1.46 1.38-1.55 0.03

(OTU 4) 60 1.43 1.33-1.53 0.05

//. lepturus (OTU 5) 27 1.37 1.25-1.44 0.05

//. lophurus

(OTU 7) 10 1.27 1.23-1.33 0.03

(OTU 9) 13 1.31 1.25-1.38 0.05
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Breadth across upper incisor tips

H. delicatulus (OTU 6) 6 1.28 1.20-1.40 0.07

H. chinanteco (OTU 1) 6 1.35 1.30-1.40 0.05

H. simulatus (OTUs 12-13) 7 1.35 1.30-1.40 0.04

H. ixtlani

(OTU 2) 45 1.84 1.60-2.00 0.11

(OTU 4) 58 1.83 1.60-2.00 0.11

H. leptums (OTU 5) 27 1.83 1.50-2.00 0.12

H. lophurus

(OTU 7) 10 1.55 1.40-1.70 0.11

(OTU 9) 13 1.61 1.30-1.80 0.13
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Abstract.—A new species of Bolitoglossa is described from cloud forests of

the Macizo de Guaramacal in the northern range of the Cordillera de Merida,

Venezuela. The new species is most similar to B. adspersa and B. savagei from

Colombia, and it seems to be only distantly related to the two other species of

Bolitoglossa known from the Cordillera de Merida. The new species is distin-

guished from Venezuelan congeners by its large size, moderately webbed hands

and feet, and dorsal pale coloration.

The speciose salamanders of the genus

Bolitoglossa occur from northern Mexico to

Bolivia and southern Brazil (Wake & Lynch

1976). Despite their wide distribution in

South America, species diversity is consid-

erably higher in Middle America, where in

many localities several sympatric species

can be found (Wake & Lynch 1976, Wake
et al. 1992). This difference in diversity

may be attributed to a relatively recent col-

onization of South America (late Miocene

to late Pliocene) by bolitoglossine salaman-

ders (Wake & Lynch 1976, Hanken &
Wake 1982). However, salamanders in

South America remain poorly studied rela-

tive to those in Middle America. Whereas

extensive research on the taxonomy and

systematics of Middle American salaman-

ders has been carried out in the last 20 years

(see works by Wake and collaborators in

litt.), no major contribution to our knowl-

edge of South American salamanders has

been published since the pioneering works

of Brame & Wake (1963, 1972).

In South America the genus Bolitoglossa

attains its highest diversity in Colombia

(Brame & Wake 1963, 1972), with 17 spe-

cies currently recognized (Ruiz-Cananza et

al. 1996, Acosta-Galvis & Restrepo 2001,

Lynch 2001). In Venezuela three species are

known (Barrio & Fuentes 1999), all of

which are associated with montane cloud

forest habitat. These species are B. borbur-

ata from the Cordillera de la Costa, and B.

orestes and B. spongai, two similar and pre-

sumably closely related species from the

Cordillera de Merida. Additionally, Brame
& Wake (1963) referred a specimen from

Merida, Venezuela, to B. savagei, but this

species has been excluded from Venezuela

in taxonomic accounts of the amphibians of

this country (e.g., La Marca 1997, Barrio

1998), because this record requires verifi-

cation (Wake & Lynch 1976). In this paper

we describe a new species of Bolitoglossa

from cloud forests of the Macizo de Guar-

amacal, in the northeastern range of the

Cordillera de Merida, Venezuela. The Ma-
cizo de Guaramacal is a region suspected

of a high number of endemics due to its

particular physiographic isolation from the

rest of the Cordillera de Merida (Garcia-

Perez 1999).

Materials and Methods

The first specimen of the new species

was discovered in a bromeliad in early 1995
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Fig. 1. Bolitoglossa guaramacalensis. Holotype (MCNG A-2121) in life, SL = 69.4 mm.

by Jose Farreras, while conducting research

on bromeliads of the genus Guzmania as a

microhabitat of amphibians and reptiles in

the National Park "General Cruz Carrillo"

(Farreras 1995). Further field work in the

region by one of us (JEGP) yielded three

more specimens later that year. More re-

cently, an additional specimen was collect-

ed by a group of students of the Universi-

dad Nacional Experimental de los Llanos

Occidentales "Ezequiel Zamora" (UNEL-
LEZ) during a field trip to the region. The
type-series is deposited at the Museo de

Zoologia, Museo de Ciencias Naturales de

Guanare, Biocentro, UNELLEZ, Venezuela

(MCNG). Comparative material was ob-

tained from the Natural History Museum of

the University of Kansas (KU), and the

Natural History Museum of Los Angeles

County (LACM), and is listed in the ap-

pendix.

All measurements were taken with a dial

caliper to the nearest 0.1 mm with the aid

of a dissecting scope. We used standard

measurements as defined by Brame & Wake
(1963) and Campbell & Smith (1998). Col-

or in life was recorded in the field and from

color slides taken by JEGP that will be de-

posited in the MCNG collection, and in-

cludes variation from individuals that were

not collected. For the limb osteology de-

scription the left fore- and hind limb of one

specimen (MCNG A-2122) were removed

and were cleared and double stained using

standard procedures.

Bolitoglossa guaramacalensis, new species

Fig. 1

Bolitoglossa savagei.—Brame and Wake,

1963:31 [In part, ZMB 25918].

Bolitoglossa sp.—Garcia-Perez, 1999:129.

Holotype.—MCNG A-2121, an adult fe-

male from Bocono-Guaramacal road, Que-

brada El Polio (9°13'N, 70°10'W), south

slope of the Macizo de Guaramacal, 2400

m, Trujillo, Venezuela, collected by J. E.

Garcia-Perez, 6 December 1995.
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Paratypes.—All from Venezuela, Truji-

llo: MCNG A-2120, 2122, same data as the

holotype. MCNG A-2123 from Bocono-

Guaramacal road, north slope of the Macizo

de Guaramacal, 2100 m, collected by J. A.

Farreras on March 1995. MCNG A-2124, a

subadult from Bocono-Batatal road, Laguna

de Bocono, 2000 m, collected by a group

of students of the field Ecology course of

the UNELLEZ, 25 May 2001.

Diagnosis.—A large species of Bolito-

glossa (maximum size: 69.4 mm standard

length, SL), with moderately narrow head

(SL 6.6—7.1 times head width), moderately

high number of maxillary teeth (49-67 in

adults) and having moderately webbed
hands and feet. Bolitoglossa guaramacalen-

sis differs from all other South American

salamanders of the genus Bolitoglossa as

follows: from the altamazonica group and

sima group by its larger adult size (maxi-

mum SL within the altamazonica and sima

group is 59.4 mm in a female specimen of

B. sima), more maxillary teeth (>48 versus

<49), and having moderately webbed
hands and feet (versus extensively to com-

pletely webbed). It differs from the medemi
group by having moderately webbed hand

and feet (versus extensively webbed) and

having proportionally shorter limbs (limb

interval is 4 in B. guaramacalensis versus

3 or less in members of the medemi group).

The new species differs from B. lozanoi and

B. phalarosoma by having moderately

webbed hands and feet (versus completely

webbed) and more maxillary teeth in adults

(32 in B. lozanoi; 30-51 in B. phalaroso-

ma).

Bolitoglossa guaramacalensis is most

similar to species in the adspersa group.

Within this group B. biseriata, B. borbur-

ata, B. capitana, B. hiemalis, B. nicefori, B.

orestes, B. palmata, B. pandi, and B. spon-

gai all have extensively webbed hand and

feet. Bolitoglossa guaramacalensis can be

easily distinguished from all these species

by having moderately webbed hands and

feet. It further differs from B. biseriata by

having a dark rather than a pale venter;

from B. borburata by having poorly-de-

fined subdigital pads versus no subdigital

pads; from B. capitana by being smaller

(SL in B. capitana surpasses 80 mm); from

B. nicefori by having the head slightly wid-

er than the neck versus distinctly wider;

from B. pandi by having an extensive pale

versus mostly dark dorsal coloration; and

from B. hiemalis, B. orestes, B. palmata

and B. spongai by attaining a much larger

adult size (SL of adult females >60 mm
versus <55 mm). Bolitoglossa guarama-

calensis differs from B. hypacra by having

moderately webbed hands and feet (versus

slightly webbed) and shorter limbs (limb in-

terval 4 versus 2). It differs from B. vallec-

ula by having a dark versus a mostly pale

venter, and possessing poorly-defined sub-

digital pads versus pronounced subdigital

pads. Bolitoglossa guaramacalensis is most

similar to B. adspersa and B. savagei. It

may be distinguished from B. adspersa by

having a more extensive pale dorsal color-

ation, less developed subdigital pads, and

lacking an evident postiliac gland versus

having a well developed gland. The new
species differs from B. savagei by having

the first phalange of the fourth finger and

of the fourth toe free from webbing versus

not free from webbing. Additionally, B.

guaramacalensis seems to be a larger spe-

cies than B. savagei, given that the two

adult female specimens in the type series of

B. guaramacalensis are considerably larger

(surpassing 60 mm in SL) than the largest

known female specimen oi B. savagei (55.1

mm in SL).

Description of holotype.—An adult fe-

male, 69.4 mm in standard length (SL);

head narrow (SL 7.1 times greater than

head width), slightly wider than neck; snout

moderately short, rounded in dorsal view,

slightly pointed in profile; nostrils small;

nasolabial protuberances small; canthus

rostralis indistinct, gently rounded; eyes

moderately protuberant, barely visible in

ventral view; horizontal distance across eye

slightly longer than distance between ante-

rior margin of eye and nostril; suborbital
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groove well defined, extending for full

length of orbit, following the curvature of

eye; shallow postorbital groove extends

posteriorly from eye, curves ventrad at lev-

el of posterior end of mandible, intersecting

vertical nuchal groove; nuchal groove poor-

ly defined ventrally, 3.8 mm anterior to well

defined gular fold; vomerine teeth 32, ar-

ranged in single arched row on each side,

narrowly separated from parasphenoid

tooth patch; maxillary teeth 67, small, ex-

tending posteriorly to a point about three

fourths of the eye; premaxillary teeth 7,

small; costal grooves 13; post iliac gland

not evident; limbs of moderate length, mod-
erately slender, but shanks swell consider-

ably distally; limb interval 4; SL 5.1 times

right fore limb; SL 4.7 times right hind

limb; hands and feet somewhat flattened,

with incomplete webbing; digits with

rounded tips, extending well beyond web-

bing, except for first digit, which extends

slightly from webbing; poorly-defined sub-

terminal pads on fingers and toes; fingers in

order of decreasing length are: III, IV, II, I;

toes in order of decreasing length are: III,

IV, V, II, I; tail slightly compressed later-

ally, moderately constricted at base.

In preservative (alcohol after formalin)

the dorsal ground color is mostly cream

with small dark gray spots and dark gray

mottling. There are two poorly defined dark

gray dorsolateral stripes that extend from

the level of the fourth costal groove to the

level of the hindlimbs. The upper halves of

the lateral regions of the trunk are paler

than the dorsum but with more small dark

spots. The lower lateral half of the trunk is

grayish brown with cream mottling. The
dorsum of the head is grayish brown with

small black and pale spots, except for par-

atoid glands and neck which are cream. The
nasolabial protuberances are whitish cream.

The ventral surface of the head and throat

is grayish brown with small cream spots.

The venter is grayish brown with poorly de-

fined, irregular, pale longitudinal streaks.

The dorsal surface of the tail is cream and

the lateral and ventral regions of the tail are

grayish brown with pale mottling.

Measurements.—SL 69.4 mm, tail length

(TL) 63.3 mm, head length (HL) 14.6 mm,
head width (HW) 9.8 mm, head depth 5.4

mm, distance from anterior edge of eye to

end of snout 2.9 mm, eyelid length 3.6 mm,
eyelid width 1.8 mm, interorbital distance

2.9 mm, distance between center of external

nares 3.1 mm, axilla-groin 38.3 mm, depth

of tail base 5.8 mm, width of tail base 5.2

mm.
Variation.—There are three adults in the

type series including the holotype. MCNG
A-2120 is an aduU male (SL 48. 3 mm, TL
54.9 mm) with a well-developed subcircu-

lar mental gland. The SL is 6.6 times great-

er than HW. There are 49 maxillary, no pre-

maxillary, and 20 vomerine teeth. MCNG
A-2122 is an adult female (SL 60.4 mm,
TL 58.1 mm) and the only specimen to

have distinct, well-developed, paratoid

glands. The SL is 7.0 times greater than

HW. There are 53 maxillary teeth, 3 pre-

maxillary teeth, and 23 vomerine teeth.

Measurements and counts for two subadults

(MCNG A-2 123-2 124) are: SL 40.5 mm,
TL 43.4 mm, HW 6.0 mm, 34 maxillary

teeth, no premaxillary teeth, 19 vomerine

teeth, for MCNG A-2 123; and SL 40.3 mm,
TL 32.7 mm, HW 5.9 mm, 38 maxillary

teeth, 3 premaxillary, 16 vomerine teeth, for

MCNG A-2 124.

Color in life.—The dorsum is heavily

pigmented with pale coloration which
varies from reddish-orange to pale yellow.

The pale coloration appears as large irreg-

ular blotches or longitudinal streaks with

gray suffusions, and invades the dorsum of

the head and the tail to some extent. Several

individuals possess a dark discontinuous

dorsolateral stripe. The lateral surfaces of

the trunk and tail are dark brown or dark

olive with some pale mottling. The venter

is darker than the lateral color and usually

has some inconspicuous cream marks.

Limb osteology.—Hands and feet have

well developed digits (Fig. 2). The phalan-

geal formula is 1,2,3,2 for the hand and
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5 mm
Fig. 2. Bolitoglossa giiaramacalensis. Dorsal view of the cleared and stained left fore- (upper) and hindiimb

(lower) of MCNG A-2122.

1,2,3,3,2 for the foot. The distal ends of the

terminal phalanges are greatly expanded

laterally ("T-shape"), except for the first

finger and toe in which the lateral expan-

sion is reduced on the side facing the body.

There are eight carpal elements and seven

tarsal elements. The basal tarsals of the

fourth and fifth toes are fused. No tibial

spur is present and the tibial crest is very

small.
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Fig. 3. Map of northwestern Venezuela showing the distribution of Bolitoglossa borburata (triangle), B.

guaramacalensis sp. nov. (star), B. orestes (square), and B. spongai (circle).

Etymology.—The specific name is de-

rived from the type locaUty guaramacal

and the Latin suffix -ensis, denoting place.

Distribution and ecology.—This species

is known only from cloud forest, at 1900-

2400 m, on the north and south slopes of

the Macizo de Guaramacal, which is locat-

ed in the northeastern range of the Cordil-

lera de Merida (Fig. 3). Part of this moun-
tain range, including the type locality, is

protected by the national park system of

Venezuela, as the Parque Nacional "Gen-
eral Cruz Carrillo". The holotype and two

of the paratypes (MCNG A-2120, 2122)

were collected under rocks a few meters

from a mountain stream on the south slope.

One specimen (MCNG A-2123) was col-

lected on the north slope inside an epiphytic

bromeliad of the genus Guzmania, located

two meters above ground. MCNG A-2124
was also collected on the north slope; it was

found under a rock in an area which had

been clearcut. One of us (JEGP) did exten-

sive fieldwork throughout 1996 and 1997

on the south slope of the Macizo de Guar-

amacal, studying local amphibian declines,

and found many individuals of Bolitoglossa

guaramacalensis throughout the year. Most
of them were observed under rocks, usually

located close to streams; only a few were

found in bromeliads. Some individuals had

regenerated tails, indicating the potential

importance of tail autotomy as an antipred-

ator behavior in this species of salamander.

Garcia-Perez (1999) provided a discussion

of the amphibians and reptiles of the region.

For a detailed description of the region refer

to Cuello (1999).

Discussion

Bolitoglossa guaramacalensis is the

fourth species of the genus known from Ve-
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nezuela and the third from the Cordillera de

Merida. This species is tentatively assigned

to the adspersa group. It is most similar to

and may be related to a series of species,

including B. adspersa, B. borburata, B.

savagei, B. taylori and B. vallecula, which

appear to form a clade based on size, pro-

portions, and number and arrangement of

vomerine teeth (Brame & Wake 1963,

Wake et al. 1970). In the original descrip-

tion of B. savagei from the Sierra Nevada

de Santa Marta, Colombia, Brame & Wake
(1963) reported a single specimen (ZMB
25918) referred to B. savagei from the vi-

cinity of the city of Merida, which lies in

the southwestern range of the Cordillera de

Merida (this specimen is deposited in the

Zoologisches Museum of Berlin and could

not be examined by us). Wake & Lynch

(1976) later added that this record required

verification. Based on geographic barriers

and distance, as well as faunal relationships,

it seems very unlikely that B. savagei oc-

curs in the Cordillera de Merida. We herein

refer the Venezuelan record of B. savagei

to B. guaramacalensis, because these two

species are morphologically very similar,

and the measurements given by Brame &
Wake (1963) for the specimen in question

fall within the variation of B. guaramaca-

lensis. The only two species of salamander

reported near the city of Merida are B. or-

estes and B. spongai, but we believe that it

is possible that the locality data for the

ZMB specimen is the shipping point and

not the collecting locality, which was a

common mistake in earlier times.

The two other species of Bolitoglossa

from the Cordillera de Merida, B. orestes

and B. spongai, are similar to each other

and presumably closely related. These spe-

cies share a small size, short snout, and sim-

ilar foot shape. Brame & Wake (1962) al-

located B. orestes and B. palmata from Ec-

uador to the palmata group, but later dis-

solved the group and assigned these species

to different subgroups of the adspersa

group (Brame & Wake 1972). However,

they did not provide an explanation for this

rearrangement. Recently Lynch (2001) de-

scribed B. hiemalis from Colombia and al-

located this species to the palmata group as

defined earlier by Brame & Wake (1962),

disregarding the most recent grouping ar-

rangement (Brame & Wake 1972).

The groupings used in taxonomic studies

of Bolitoglossa from South America remain

poorly defined and are mostly based on

phenetic criteria, as a result of the poor un-

derstanding of the phylogenetic relation-

ships within the genus. Additionally, it is

likely that many more undescribed species

of Bolitglossa remain to be discovered in

South America, mainly in the northern An-

des. The Andean cloud forests and paramos

that constitute the habitat of many species

of Bolitoglossa have undergone a complex

history of alternating glacials and intergla-

cials during the Pleistocene (van der Ham-
men & Cleef 1986). This phenomenon has

resulted in alternating periods of dispersal

and vicariance of the high Andean biota,

and very likely accounts for the high beta

diversity observed in this region (Duellman

1982). Therefore, it is expected that species

of Bolitoglossa have a geographical pattern

of endemism similar to other high Andean

amphibians, such as Atelopus, Colostethus

and Eleutherodactylus.

The higher elevations (>1700 m) of the

Macizo de Guaramacal have been isolated

from the rest of Cordillera de Merida since

at least the last glacial of the Pleistocene by

the deep dry valley of the Bocono River

(Garcia-Perez 1999). Furthermore, the re-

gion has been regarded as a Pleistocene ref-

uge for many Andean plant groups, with a

considerable number of endemics (Steyer-

mark 1979, Cuatrecasas 1986, Stergios

1999). Given this historic isolation, it is

possible that B. guaramacalensis is endem-

ic to the Macizo de Guaramacal.
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Appendix

Specimens examined

Bolitoglossa adspersa: COLOMBIA. Boyaca: KU
169974-169976, 170035-170037. Cundinamarca: KU
110380, 124670-124673, 132637, 132638, 169974-

169976, 170035-170037.

Bolitoglossa biseriata: COLOMBIA. Valle: KU
169967-169969.

Bolitoglossa borhurata: VENEZUELA. Aragua:

KU 185774, 185775.

Bolitoglossa hypacra: COLOMBIA: Antioquia:

LACM 64639, 64643, 64656, 64658, 64660, 64661,

64663, 65664, 64670, 64681, 64682, 64699, 64714,

64719, 64721, 64723, 64726, 64727, 64737, 64738,

64747, 64750, 64751, 64758.

Bolitoglossa savagei: COLOMBIA: Magdalena:

LACM 114406, 114407.

Bolitoglossa nicefori: COLOMBIA: Santander:

LACM 64764-64780.

Bolitoglossa vallecula: COLOMBIA: Antioquia:

KU 203862, LACM 42284-42286, 42291, 64636,

135410, 135499.

Bolitoglossa walkeri: COLOMBIA: Cauca: KU:

169973.
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Pholidichthys anguilliformis Lockington, 1881 (Teleostei: Pholidae), a

junior synonym of Pholis ornata (Girard, 1854)
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Abstract.—The identity of Pholidichthys anguilliformis Lockington, 1881,

has been unclear since its original description and subsequent loss of the ho-

lotype and only known specimen. We consider it conspecific with Gunnellus

ornatus Girard, 1854 (= Pholis ornata [Girard]) and designate the holotype of

G. ornatus as neotype of P. anguilliformis, thereby making the latter name a

junior objective synonym of the former.

Pholidichthys anguilliformis was de-

scribed by Lockington (1881:119) from "a

single specimen dredged off San Jose Is-

land, Amortiguado Bay, Gulf of Califor-

nia" in 1876 by the schooner Harvest

Queen. Lockington gave no reasons for as-

signing his species to Pholidichthys, and his

only comments comparing the new form to

the then only described species of the ge-

nus, Pholidichthys leucotaenia Bleeker, are

that his new species has a much more slen-

der body and lacks the longitudinal bluish

white band of P. leucotaenia. Springer and

Freihofer (1976) and Springer and Larson

(1996) excluded P. anguilliformis from

Pholidichthys based primarily on Locking-

ton's statement that the dorsal fin comprises

only spines, whereas this fin in both of the

other known species of Pholidichthys (P.

leucotaenia, tropical western Pacific, not in-

cluding Australia; P. anguis, northwestern

Australia) has only segmented rays. Neither

Springer and Freihofer nor Springer and

Larson proposed an identity for Locking-

ton's fish, and no other specimens of his

nominal species have been reported, leav-

ing its identity and the status of the name
unresolved (Eschmeyer 1997).

Lockington did not indicate where he de-

posited the holotype of P. anguilliformis,

but H. W. Fowler (1878-1965), former cu-

rator at the Academy of Natural Sciences

of Philadelphia, apparently cataloged it as

ANSP 10843. The species does not appear

in a catalog of type specimens in the Acad-

emy of Natural Sciences of Philadelphia

(Bohlke 1984), and the holotype has not

been found in subsequent searches (E. B.

Bohlke, in litt., 3 Dec 1998). The type spec-

imens of the two other species described in

the same paper as P. anguilliformis are also

missing (i.e., Cremnobates altivelis = Par-

aclinus altivelis, see Rosenblatt and Parr

1961 \ Apodichthys univittatus — A. flavidus,

see Hubbs 1927, Yatsu 1981, and Eschmey-

er 1998), so locating the holotype of P. an-

guilliformis appears improbable.

In some respects, Lockington's descrip-

tion of P. anguilliformis is relatively com-

plete, although in others it is not, as the

specimen upon which it was based was

damaged, "the example is broken across,

the branchiostegals are defective, the caudal

fin broken, and some fin-rays missing so

that the fin formula cannot be accurately

given." Two features of the description.
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which unfortunately lacks an accompanying

illustration, are particularly noteworthy.

First, the dorsal fin is reported to contain

only spines, with more than 60 being pres-

ent. Second, the specimen was extremely

thin and elongate (as reflected in the spe-

cific name), with the greatest depth con-

tained 16 times in the total length. Other

important features of the description in-

clude: body naked, profile of head contin-

uously convex, jaw extending to posterior

margin of eye, lower jaw slightly longer

than upper, palate smooth, pelvic fins "two

rayed" and very slightly in advance of pec-

torals, and the color "dark blackish brown,

mingled with white upon top, sides and

lower part of head. Interorbital area, and top

of snout white."

To our knowledge, no species within the

Gulf of California fits Lockington's descrip-

tion in all respects. The Gulf species that

comes closest, and the impetus for our in-

quiry into the status of this nominal species,

is the chaenopsid Parastathmonotus sinus-

californici Chabanaud 1942 (= Stathmon-

otus sinuscalifornici), which has only

spines in the dorsal fin, a convex head pro-

file, no scales, no palatine teeth, jugular pel-

vies, and a dark morph, which has light ar-

eas along the dorsum (Hastings and Spring-

er 1994). However, S. sinuscalifornici has

only 40 to 46 spines in the dorsal fin, and

the body is deeper, the maximum depth be-

ing about 10 times in the total length. Also,

this species has prominent flap-like supra-

orbital cirri, which were not mentioned by

Lockington. It seems unlikely, therefore,

that S. sinuscalifornici and P. anguilliformis

represent the same species.

Other than the Anguilliformes (unlikely

candidates as all have only segmented rays

in their dorsal fins), the microdesmids are

among the few fishes in the Gulf of Cali-

fornia that are slender enough to fit Lock-

ington's description. For example, the max-

imum body depth of Microdesmus dipus

Giinther is contained approximately 17

times in its total length. However, micro-

desmids have both spines and segmented

rays in the dorsal fin, the jaw does not ex-

tend posterior to the anterior orbital margin,

and the pelvic fin formula is I, 3. It is un-

likely that P. anguilliformis applies to a mi-

crodesmid because Lockington (1881) re-

ported a specimen of M. dipus from the

Gulf of California in the same paper in

which he described P. anguilliformis.

Because we are unable to associate P.

anguilliformis with any Gulf of California

species, we, as did Hubbs (1927), believe

that the collecting locality is in error. Lock-

ington's (1881) report of collecting A. fiav-

idus (as Apodichthys univittatus) from La
Paz (SE end of the Gulf of California), is

clearly erroneous, as the species is known
otherwise only from temperate waters:

southern California north to Kodiak Island,

Alaska (Yatsu 1981). The cruise track of the

Harvest Queen ranged from San Francisco

to the Gulf of California, and Lockington

(1881) reported on several species from the

outer coast of Baja California, as well as

California. Consequently, we compared de-

tails of the original description of P. an-

guilliformis with details of possibly similar

fishes occurring in the well-known faunas

of these two areas.

With respect to the long dorsal fin com-

prising only spines, several species of sti-

chaeid fishes from coastal North America

might be possible candidates for identifi-

cation as P. anguilliformis. Many of these

species can be eliminated, however, because

they lack pelvic fins, are relatively deep

bodied, or occur only north of California.

Of the remaining stichaeids, Plectrobran-

chus evides Gilbert, 1890, and Poroclinus

rothrocki Bean, 1890, have 54-57 and 57-

67 dorsal-fin spines, respectively, but both

have more pelvic-fin elements (I, 3) and rel-

atively deeper bodies (approximately 10

times in TL) than P. anguilliformis. Luin-

penus sagitta Wilimovsky, 1956, with 64—

72 dorsal-fin spines, is slender (depth about

16 times in total length), but has 4 or 5

pelvic-fin elements and is known only from

Humbolt Bay northward (Miller and Lea
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1972), and thus was probably not encoun-

tered by the Harvest Queen.

In many respects the original description

of P. anguilliformis most closely resembles

that of a species of Pholis (Pholidae). Phol-

ids are relatively slender (although they

generally have deeper bodies than described

for P. anguilliformis) and have a convex

head profile, only spines in the dorsal fin, a

small pelvic fin with two or three elements,

and often have light pigment on the nape

and interorbit. If Lockington's description

of the body depth is erroneous, his descrip-

tion could well apply to Pholis ornata (Gi-

rard, 1854), whose type locality is San

Francisco Bay (Springer and Anderson
1997).

Pholidichthys anguilliformis is a relative-

ly obscure, old, and problematic name for

a fish species for which no primary type

material is available. As such, the name of

any more recently described fish species

that is currently considered a valid senior

synonym could be invalidated, should a

neotype identifiable as such a valid species

be designated for P. anguilliformis. To re-

move this possibility, we designate the ho-

lotype of Gunnellus ornatus Girard, 1854

(= Pholis ornata), USNM 490 (Presidio on

the Bay of San Francisco, California), as

neotype of Pholidichthys anguilliformis

Lockington, 1881.

Consequently, Pholidichthys anguillifor-

mis Lockington, 1881, becomes a junior ob-

jective synonym of Gunnellus ornatus Gi-

rard, 1854.
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Paretroplus dambabe, a new cichlid fish (Teleostei: Cichlidae) from
northwestern Madagascar, with a discussion on the status of P. petiti

John S. Sparks

Division of Vertebrate Zoology, American Museum of Natural History, Central Park West at 79th

Street, New York, NY 10024-5192, U.S.A., e-mail: jsparks@amnh.org

Abstract.—Paretroplus dambabe, n. sp., is described from Lake Kinkony,

northwestern Madagascar. The new species is distinguished from congeners in

Hfe and preservation by light yellowish-oUve body coloration in combination

with a series of 6-7 vertical charcoal bars on the flanks, a blunt head profile,

body depth not exceeding 57.1%SL, and uniform dark charcoal-gray or black

fins. Paretroplus dambabe is further distinguished from P. petiti, a species to

which it has been mistakenly referred for decades, by overall pigmentation

pattern (light yellow-olive vs. dark brown), the presence of bright red pigmen-

tation on the flanks in life, a prominent vertical barring pattern, and a shallower

body.

Paretroplus Bleeker, 1868, the most spe-

ciose cichlid genus in Madagascar, com-

prises nine described species, excluding the

new taxon (Table 1). Paretroplus is endem-

ic to Madagascar, and members are distrib-

uted throughout the northwestern part of the

island (8 species) and in eastern drainages

(1 species), where the range of P. polyactis

extends nearly the length of the island (Fig.

1). Monophyly of Paretroplus, and that of

a more inclusive clade encompassing Par-

etroplus and Etroplus (endemic to southern

India and Sri Lanka), is well established

based on numerous morphological and nu-

cleotide characters (Stiassny 1991, Sparks

& Reinthal 1999, Sparks 2001, Stiassny et

al. 2001). Sparks (2001) formally recog-

nized the latter clade, Etroplinae, and as-

signed the taxon subfamilial rank. Major

modifications of the anterior swimbladder,

posterior neurocranium, palato-vomerine

region, hyoid-mandibular and premaxillary-

maxillary linkages, and oral and pharyngeal

dentition characterize Paretroplus. Exter-

nally, members of Etroplinae are easily rec-

ognized by an elevated number of anal-fin

spines (usually 7-10), a well-developed

pelvic axillary scale, and well-developed

ridges of scales ("scale sheathing" of Cich-

ocki, 1976) extending over, but not fused

to, both the dorsal- and anal-fin bases. A
number of additional features diagnostic of

both Etroplinae and Paretroplus, as well as

a species-level phylogenetic analysis, are

presented by Sparks (2001). All Paretro-

plus but a single described taxon, P. po-

lyactis, are restricted to northwestern Mad-

agascar; a number of species from that re-

gion still await description (J. Sparks, pers.

obs.).

Madagascar is generally considered to

have a markedly depauperate freshwater

ichthyofauna (Kiener & Richard-Vindard

1972). Results of a recent summary study

of ichthyofaunal diversity, however, indi-

cate that Madagascar is comparable in

terms of the number of native and endemic

freshwater species to other landmasses of

similar size (Sparks & Stiassny 2002a,

Sparks & Stiassny 2002b). Moreover, the

number of extant freshwater species slightly

exceeds that expected for a landmass with

a surface area of just under 600.000 sq. km.

(Riseng 1997, Sparks & Stiassny 2002b).
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Table 1.—List of Malagasy and South Asian cich-

lids according to current generic assignment, and sub-

familial designation (discussed in text).

Ptychochrominae

:

Ptychochromis oligacanthus (Bleeker)

Ptychochromis grandidieri Sauvage

Ptychochromis inoniatiis Sparks

Ptychochromoides betsileanus (Boulenger)

Ptychochromoides hatha Reinthal & Stiassny

Ptychochromoides vondrozo Sparks & Reinthal

Oxylapia polli Kiener & Mauge

Etroplinae:

Etroplus suratensis (Bloch)

Etroplus maculatus (Bloch)

Etroplus canarensis Day
Paretroplus dami Bleeker

Paretroplus polyactis Bleeker

Paretroplus petiti Pellegrin

Paretroplus kieneri Amoult

Paretroplus maculatusJ^Qwer & Mauge
Paretroplus menaramho Allgayer

Paretroplus nourissati (Allgayer)

Paretroplus maromandia Sparks & Reinthal

Paretroplus tsimoly Stiassny et al.

Paratilapia:

Paratilapia polleni Bleeker

Paratilapia bleekeri Sauvage

Many new cichlid species endemic to Mad-
agascar have recently been, or are in the

process of being, described (Allgayer 1996,

1998; Reinthal & Stiassny 1997; Sparks &
Reinthal 1999, 2001; Stiassny et al. 2001,

Sparks 2002). Most of these recently dis-

covered species are restricted to relatively

remote regions of the island where limno-

logical analyses indicate limited ecosystem

disturbance (Reinthal & Stiassny 1991, Ris-

eng 1997). Where there is a great deal of

ecosystem degradation, including a vast

majority of Madagascar's freshwater sys-

tems, primarily exotic species survive (Ben-

stead et al. 1999, Sparks & Stiassny 2002b).

Increased sediment load and water turbidi-

ty, resulting from extensive deforestation

and subsequent runoff, appear to be major

factors leading to the rapid decline of en-

demic species.

Despite relatively low species diversity.

morphological variation among the endem-

ic Malagasy and South Asian cichlids is

substantial (Reinthal & Stiassny 1997,

Sparks 2001, Sparks & Reinthal 2001,

Sparks 2002). Within this monophyletic as-

semblage two major subfamilial lineages

have been diagnosed based on both mor-

phological and molecular characters; Ptych-

ochrominae, comprising Ptychochromis,

Ptychochromoides, and Oxylapia, and Etro-

plinae, comprising Paretroplus and Etro-

plus (Sparks 2001). Herein a new species

of Paretroplus from Lake Kinkony, a large

(oligotrophic) floodplain lake in northwest-

ern Madagascar and part of the Mahavavy
du Sud basin, is described. Further, the

identity of P. petiti is clarified. For decades

members of the new species have been mis-

takenly attributed to P. petiti, a taxon from

which it is easily distinguished based on a

number of morphological features.

Materials and Methods

Counts and morphometric measurements

follow Barel et al. (1977), Kullander (1986)

for upper-jaw length and pelvic-fin length,

and Sparks & Reinthal (1999), unless noted

otherwise. Measurements were recorded to

the nearest 0. 1 mm using Sylvac digital cal-

ipers. Vertebral counts exclude the last hy-

pural-bearing vertebra (i.e., last half cen-

trum) and were obtained from radiographs.

Members of Paretroplus frequently possess

abdominal ribs on the first caudal vertebra.

The first caudal vertebra is here defined as

the most anterior vertebra bearing a fully

developed hemal spine, regardless of the

presence or absence of abdominal ribs. The
hemal spine of the first caudal vertebra ter-

minates distally either between the first and

second, or between the second and third

anal-fin pterygiophores. All counts and

measurements of fin elements were ob-

tained from radiographs or cleared and

stained preparations. Each of the terminal

dorsal- and anal-fin soft rays is counted as

two rays if this element is split completely

to the fin base (Barel et al. 1977), which is
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P. polyactis

P. maromandia

P. menarambo

P. maculatus and P. kieneri

P. dambabe and P. kieneri

P. dami

P. nourissati and P. kieneri

P. petiti

P. tsimoly

Paretroplus n. sp.

(Lac Andrapongy)

Fig. 1. Map of Madagascar illustrating cuiTent geographic ranges for members of Paretroplus. based on

localities from which specimens have been collected in recent surveys (except P. petiti. which is only known

from the holotype). These are only approximate distributions, as many remote areas of the island remain poorly

surveyed.
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Fig. 2. Paretroplus dambabe, holotype, UMMZ 238724, adult male, 169.4 mm SL, northwestern Madagas-

car, Province of Majunga, Lake Kinkony.

generally the case in Paretroplus. There is

only one supporting (articulating) ptery-

giophore for this terminal split ray in Par-

etroplus. Without the use of radiographs

this condition is difficult to detect, and it

appears as though two distinct rays are pre-

sent. Gill-raker counts exclude the raker (if

present) in the angle of the arch.

Comparative anatomical analyses includ-

ed specimens preserved in 70% ethanol,

specimens cleared and double stained for

bone and cartilage using a modified proto-

col based on Taylor & Van Dyke (1985),

and dry skeletal preparations. A list of com-
parative material is presented at the end of

this paper. Institutional abbreviations are as

Usted in Leviton et al. (1985).

Paretroplus dambabe, new species

Figs. 2-3, Table 2

Paretroplus petiti.—Kiener 1963 (in

part).—Kiener & Therezien 1963.—Kie-

ner & Mauge 1966 (in part).

Holotype.—UMML 238724, adult male,

169.4 mm SL, Madagascar, Majunga Prov-

ince, south of Mitsinjo, Mahavavy (du sud)

drainage basin. Lake Kinkony (16°05'

37.7"S, 45°51'37.4"E), JSS 94-15, 14-16

July 1994, J. S. Sparks, K. J. Riseng, and

local Malagasy guides.

Paratypes.—\jyvyVL 199406 (3, 67.0-

113.0 mm SL), ex. MNHN 60579, Mada-

gascar; AMNH 232398 (10, 61.0-170.0

mm SL), data as for holotype; UMMZ
235024 (29, 40.2-225.0 mm SL, 3 ex.

C&S), data as for holotype.

Non-type material examined.—All from

Madagascar, Majunga Province, Mahavavy
(du sud) drainage basin. Lake Kinkony:

MNHN 1960-0579 (3, 125.5-179.9 mm
SL), Kiener; MNHN 1962-0239 (2, 23.3-

24.6 mm SL), Kiener; MNHN 1965-0316

(2, 64.2-129.3 mm SL), Petit; MNHN
1996-123 (1, 105.2 mm SL), Nourissat and

de Rham.

Differential diagnosis.—A deep-bodied

Paretroplus distinguished from congeners,

in life and preservative, by pale yellow to
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Fig. 3. Paretroplus dambabe, paratype, UMMZ 235024, juvenile, 93.5 mm SL.

Table 2.—Morphometric and meristic data for holotype and some paratypes of Paretroplus dambabe n. sp.

Measurements (mm) in percent standard length (SL) or percent head length (HL), unless noted otherwise. (H)

indicates count corresponding to holotype.

Standard length (mm)
Head width (max.) % SL
Head length % SL
Body depth % SL
Caudal peduncle length % SL
Caudal peduncle width % SL
Caudal peduncle depth % SL
Pectoral fin length % SL
Pelvic fin length % SL
Last dorsal spine length % SL
Snout length % HL
Orbit diameter % HL
Upper jaw length % HL
Lower jaw length % HL
Interorbital width % HL
Preorbital depth % HL
Caudal peduncle length/width

Scales in lateral line

Scales: lateral line to dorsal fin

Gill rakers (lower limb)

Vertebrae (pre-caudal + caudal)

Dorsal fin

Anal fin

P. dambabe n. sp.

N Holotype Range Mean SD

20 169.4 40.7-186.8 115.9

20 17.4 16.0-17.5 16.7 0.49

20 30.4 27.8-33.2 30.7 1.51

20 57.0 48.3-57.1 52.8 2.92

20 6.2 5.1-8.6 6.4 0.66

20 5.9 2.7-5.9 4.5 0.82

20 17.7 15.1-18.2 16.7 0.88

20 22.3 20.1-23.4 21.6 1.05

20 23.6 22.1-26.3 23.5 0.96

19 14.5 13.3-16.9 15.4 0.97

20 48.5 31.9^8.9 43.7 4.64

20 26.4 26.4-39.3 31.3 3.74

20 30.1 25.7-31.3 28.3 1.59

20 35.7 29.9-36.3 34.1 1.79

20 36.5 28.2^1.7 35.5 3.07

20 34.4 22.2-37.6 31.4 4.10

20 1.1 1.1-2.0 1.5 0.26

20 36 (10), 37 (7) (H), 38 (3)

20 6 (3), 6.5 (1), 7 (16) (H)

20 9(13), 10 (7) (H)

30 14 + 18 = 32 (5), 14 + 19 = 33 (1). 15 + 16 = 31 (1). 15

+ 17 =
;32 (17) (H), 15 + :18 = 33 (6)

30 XVI 18 (3),. XVI 19 (1), XVII 17 (6), XVII 18 (15 ) (H),

XVII 19 (4), XVIII 17 (I)

30 VIII 14 (3), VIII 15 (2). IX 13 (9). IX 14 (11) (H),. IX 15 (2).

X 13 (2)., X 14 (1)
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olive body coloration in combination with

a series of 6—7 vertical, dark-olive bars on

the flanks, a blunt and steep head profile,

body depth not exceeding 57.1%SL, and

the possession of dark, uniform black or

charcoal-gray fins. Paretroplus dambabe is

further distinguished from P. petiti, a spe-

cies with which it has been erroneously as-

sociated, by overall pigmentation pattern

and coloration (light yellow-olive vs. dark

brown), the presence of a prominent verti-

cal barring pattern on the flanks (vs. no bar-

ring), bright red pigmentation on the flanks

in life, and a shallower body [mean 52.8%

(ranges from 48.3-57.1) vs. 57.9% SL].

Description.—Morphometric and meris-

tic data presented in Table 2. Comparative

data of other closely related Paretroplus

species presented in Table 3. Morphological

characteristics and general pigmentation

pattern can be observed in Figs. 2-3. A
deep-bodied, laterally compressed Paretro-

plus, belonging to 'deep-bodied' clade

identified and discussed by Sparks & Rein-

thai (1999) and Sparks (2001). Compara-

tively a large Paretroplus, frequently ex-

ceeding 200 mm SL, and reportedly attain-

ing 400 mm TL (Kiener 1963), although

large specimens now rare. Head blunt and

steeply sloping in lateral view. Predorsal

profile rounded and convex, especially in

larger individuals. Caudal peduncle short,

deep, and laterally compressed. Females

smaller than males, but no additional sex-

ually dimorphic characters apparent.

Total vertebral count 31-33 (mode 32),

with formulae of: 14 + 18, 14 + 19, 15 +
16, 15 + 17, and 15 + 18, precaudal and

caudal vertebrae, respectively.

Jaws isognathous. A single row of spat-

ulate, unicuspid teeth in both upper and

lower jaws. Teeth laterally expanded, flat-

tened at crown, and implanted procumbent-

ly. In upper jaw, tooth on either side of pre-

maxillary symphysis greatly enlarged, other

teeth graded in size laterally. Lower-jaw

teeth at symphysis not enlarged (and fre-

quently reduced to accommodate enlarged

upper symphyseal teeth). Teeth in upper

jaw usually number 6-8 on each side, rarely

5. Teeth in lower jaw number 3-5 on each

side. Lower jaw teeth irregularly spaced

and sized.

Upper and lower pharyngeal dentition ro-

bust, tooth plates well developed. Dentition

on lower pharyngeal toothplates [= lower

pharyngeal jaws (LPJ) or fifth ceratobran-

chials] hooked and bicuspid both laterally

and anteriorly, becoming progressively en-

larged medially; robust molariform teeth

present postero-medially (Fig. 4). LPJ well

sutured, with numerous interdigitating su-

tures on postero-ventral margin. Robust

toothplates covering majority of dorsal sur-

face of fourth ceratobranchials. Toothplates

not confluent with outer-row gill rakers of

these elements (Fig. 4). Dentition on fourth

ceratobranchial toothplates unicuspid or

weakly hooked and bicuspid laterally,

hooked and bicuspid medially (similar to

lateral LPJ dentition). Dentition on third up-

per pharyngobranchial toothplates molari-

form medially, hooked and bicuspid periph-

erally. Dentition on second pharyngobran-

chial toothplates hooked and bicuspid (Fig.

5).

Nine or 10 triangular, somewhat elon-

gate, gill rakers arrayed along lower limb

of first gill arch. Rakers edentate in small

individuals (<100 mm SL) and weakly

denticulate dorso-medially in larger speci-

mens. All other lower-limb rakers (i.e., gill

arches 2—4) short and strongly denticulate

dorsally. Epibranchial rakers elongate,

numbering 8-10. Robust toothplates pre-

sent on dorsal surface of fourth ceratobran-

chials.

Body covered with large, regularly im-

bricate, cycloid scales. Well-developed

scale ridges present along dorsal- and anal-

fin bases (into which dorsal and anal fins

may partially retract). Scale ridges free

from spiny dorsal and anal fins but becom-

ing weakly attached to both soft dorsal and

anal. Pelvic axillary scale present and well

developed. Lateral-line scales 36-38. Chest

scales somewhat smaller than other body

scales, but not greatly reduced in size, and
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1 mm
Fig. 4. Isolated 4th and 5th ceratobranchial elements, dorsal view, in Paretroplus dambabe, UMMZ 235024,

paratype, juvenile, 64.0 mm SL. Abbreviation: cb4tp = 4th ceratobranchial toothplates. Scale bar = 1 mm.

embedded. Those along ventral midline

smallest. Four to 6 rows of scales on cheek.

Opercle and interopercle scaled. Snout, lac-

rimal, and anterior portion of interorbital re-

gion naked. Scales on caudal fin reduced in

size and extending posteriorly % to % length

of fin on dorsal and ventral lobes, and Va to

Vj, length of fin medially.

Dorsal with XVI-XVIII spines, 17-19

soft rays. Anal with VIII-X spines, 13-15

soft rays. Origin of dorsal fin slightly an-

terior of vertical through pectoral-fin inser-

tion. Caudal fin emarginate, trailing mar-

gins of upper and lower lobes produced (es-

pecially in larger individuals). Pectoral fin

broad and rounded at distal margin. Distal

margins of soft dorsal and anal fins pro-

duced and pointed in larger specimens. Pel-

vic fin extending just to anal-fin origin in

smaller specimens, well beyond origin in

larger individuals.

Miscellaneous osteology and anatomy.—
Large, well-developed exoccipital excava-

tions present. Anterior swimbladder cham-
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uptp4

1 mm
Fig. 5. Isolated right upper pharyngeal elements, ventral view, in Paretroplus dambabe, UMMZ 235024,

paratype, juvenile. 64.0 mm SL. Abbreviations: eb 1-4 = epibranchials 1-4; pb 2—3 = pharyngobranchials 2—3;

uptp4 = 4th upper toothplate. Scale bar = I mm.

bers thick-walled, anteriormost chambers

lodged in exoccipital recesses. Well-devel-

oped concavity (= supraoccipital notch of

Stiassny et al. 2001) present along posterior

margin of supraoccipital. Supraoccipital ex-

tending anteriorly over neurocranial median

frontal pores (NLFo of Barel et al. 1977).

Two distinct and well-separated proximal

premaxillary-maxillary ligaments present

(rostral ligament unique to Paretroplus

within Cichlidae). An extra, fully ossified,

anal- and dorsal-fin pterygiophore, not as-

sociated with any fin rays, present termi-

nally.

Coloration in life.—Base body colora-

tion pale yellow or pink to light olive. Body
usually darker dorsally, but sometimes uni-

form. Six or seven broad dark olive bars

extending from anterior region of trunk to

caudal peduncle; bars very obvious in ju-

veniles, becoming less conspicuous in large

adults. Vivid reddish spots or patches pre-

sent on flank; degree and intensity of spot-

ting varying considerably. Some individu-

als with each flank scale outlined in red; in

others, red pigmentation restricted to region

below upper branch of lateral line. Nape

and region below anterior spinous dorsal

golden in juveniles. Black interorbital bar

present in adults, dark gold in juveniles.
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Dorsal and anal fins uniform black proxi-

mally. Soft dorsal and anal fins with white

distal margin. Caudal fin orangish anteri-

orly, becoming black distally, with white

terminal band. Pelvic fin black with white

leading edge. Pectoral fin reddish-orange

proximally, white distally. Pigmentation

pattern of young fish (<30 mm SL) blotchy

and mottled [see juvenile P. petiti (now P.

dambabe) illustrated by Kiener 1963: PL
16].

Coloration in preservative.—Ground
coloration pale yellow-olive or light tan.

Six or seven broad brownish to charcoal

bars on flank. Barring more conspicuous in

younger individuals (<150 mm SL) (Fig.

3), becoming somewhat obscure in larger

specimens (Fig. 2). Reddish coloration on

anterior flank lost in preservative. Unpaired

fins and pelvic fin near uniform charcoal

gray. Pectoral fin olive proximally and

mostly hyaline distally. Anterior interorbital

region and snout light gray.

Viscera and diet.—Gut contents com-

prised entirely of macerated gastropods in

all individuals examined. Paretroplus dam-
babe appears to feed exclusively on gastro-

pods.

Distribution and habitats.—Paretroplus

dambabe has been collected only in Lake

ICinkony, but is also reported to occur in

surrounding 'satellite' lakes and the Maha-
vavy du Sud River (P. V. Loiselle, pers.

comm.). I have only collected and exam-

ined material from Lake Kinkony proper,

and cannot verify these additional localities.

Lake Kinkony is a large (second largest

lake in Madagascar, ca. 14,000 hectares),

extremely shallow and turbid, oligotrophic

floodplain lake characteristic of northwest-

ern Madagascar (Kiener 1963). Similar

lakes in northwestern Madagascar include

lakes Andrapongy and Sarodrano. Several

euryhaline and marine species, including

anguillids, carangids, Scatophagus, and
Chanos, also inhabit the lake. The Kinkony
basin is moderately to highly disturbed and

degraded. Seasonally, fishing pressure is

very high. Much of the basin has been con-

verted for rice cultivation and grazing of

livestock. Little original riparian vegetation

remains in the basin.

Relationships.—The new species is a

member of the 'deep-bodied' clade of Par-

etroplus recognized by Sparks & Reinthal

(1999) and Sparks (2001) on the basis of

both morphological and molecular evi-

dence. This clade also includes P. macula-

tus, P. maromandia, P. menarambo, P. pe-

titi, and P. polyactis (Sparks 2001). All

members of this clade are morphologically

very similar except for pigmentation pattern

and coloration (Figs. 2-3, 6-7). Morpho-

logically, members of this clade are diag-

nosed by the presence of deep, disk-shaped

bodies (body depth 48-60.5 %SL, regard-

less of standard length) in which body

depth exceeds 57 %SL in adults, and is not

less than 48 %SL in young. Body depth in

all other Paretroplus ranges from 38-55

%SL, with body depth in young measuring

less than 45 %SL.
Paretroplus polyactis is in turn the sister

taxon to a clade comprising P. dambabe, P.

maculatus, P. maromandia, P. menarambo,

and P. petiti. Morphologically, members of

this clade are diagnosed by the presence of

conspicuous alternating, light and dark hor-

izontal stripes on the flank (Sparks 2001,

Figs. 2-3, 6-7). Based on the combined

analysis of nucleotide characters from two

mitochondrial genes, a 548 bp region of the

large ribosomal subunit (16S) and a 649 bp

region of cytochrome c oxidase subunit I

(COI), P. maculatus is the hypothesized sis-

ter taxon to the new species (Sparks 2001,

fig. 1.2).

Conservation status.—According to local

fishermen the new species has suffered a

severe decline in abundance in recent years.

Lake Kinkony is subjected to severe fishing

pressure, especially from migrant fishermen

(catch is shipped to the capital, Antanana-

rivo). The shores of the lake are home to a

number of villages that subsist on fishing

alone. Another member of Paretroplus, P.

kieneri, is also found in the lake. This spe-

cies has become increasingly rare in recent
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Fig. 6. Paretrophts petiti Pellegrin, holotype, MNHN 1928-282, juvenile, 82.8 mm SL, northwestern Mad-

agascar, Province of Majunga, Maintimaso River.

Fig. 7. Fiirciropliis meiuinunln). paralypc, MNHN 1996-122. juvenile, 92.9 mm SL. northwestern Mada-

gascar, Potamasina, Lake Sarodrano.



VOLUME 1 15, NUMBER 3 557

years according to local fishermen. All

specimens of P. kieneri that were collected

by our group, which were few, were in very

poor condition and heavily infested with

both external and internal parasites.

Local name.—Kotso.

Etymology.—Dambabe (pronounced

dambah bay), a Malagasy word that trans-

lates as large or big damba, in reference to

the comparatively large size attained by this

species relative to other members of the ge-

nus. Damba is the Malagasy name that is

used to refer to a number of species of Par-

etroplus in northwestern Madagascar, and

be translates as big or large in Malagasy.

Specific epithet used as a noun in apposi-

tion.

Discussion and Comparisons

Since at least the early 1960's individuals

of the new species collected from Lac Kin-

kony have mistakenly been referred to P.

petiti [Kiener 1963 (in part); Kiener &
Therezien 1963; Kiener & Mauge 1966 (in

part)] (Fig. 6). Based on the results of this

investigation, all specimens previously as-

signed to P. petiti that were collected in Lac

Kinkony are determined to be members of

the new species, and P. petiti is only known
from the holotype described by Pellegrin

(1929).

There is some confusion regarding the

type locality of P. petiti, Pellegrin 1929,

which is listed in the original description as

the Maintimaso River in the province of

Mahajunga (northwestern Madagascar). As
far as I have been able to determine, the

type specimen of P. petiti (MNHN 1928-

282) was collected from a tributary (Main-

timaso River) of the westward flowing Bet-

siboka River near the town of Maintimaso

(16°10'60"S, 46°43'00"E), located approxi-

mately 37 km southeast of Majunga (= Ma-
hajunga). In the MNHN database, however,

the collection locality for P. petiti is listed

as "Ambila." No town of this exact spell-

ing appears to be in the vicinity of Majun-

ga, although the town of Ambilo is located

near the Betsiboka River, 35 km south of

Majunga (NW of Maintimaso). Further,

while examining the type specimen at the

MNHN in Paris, I noticed an old tag in the

jar listing the species name and also includ-

ing the word "Ambanja," a town located

several hundred km to the north of Main-

timaso and Mahajunga. I have been unable

to obtain any additional information regard-

ing either the Ambila or the Ambanja lo-

cality references, and believe that the most

prudent course of action is to accept the lo-

cality information presented by Pellegrin

(1929). As with many other fish species de-

scribed from Madagascar in the latter part

of the 19th century through the first half of

the 20th century, collection localities are

frequently ambiguous and questionable

(Sparks 2002). Whether this is the case for

P. petiti remains to be determined, as the

region of the putative type locality has been

poorly surveyed to date.

According to locality data presented in

Pellegrin's original description, it appears

likely that the type specimen of P. petiti

was collected from within the Betsiboka ba-

sin, one of Madagascar's largest drainage

systems. Regardless of the exact original

collection locality, it is clear from the in-

formation that is available that the type

specimen of P. petiti was not collected from

the Mahavavy (du Sud) drainage basin, to

which the new species is endemic (Fig. 1).

The holotype and only specimen of P.

petiti is very similar in overall body shape

and pigmentation pattern (in preservation)

to P. menarambo, Allgayer 1996, a species

restricted to floodplain lakes of the Sofia

basin, northwestern Madagascar (Figs. 1,

6-7). Despite being collected in the 1920's,

this specimen is remarkably well preserved,

especially in terms of coloration and pig-

mentation pattern. Both P. petiti and P.

menarambo are dark brown in overall col-

oration, with a lateral pattern of numerous,

thin, alternating light and dark horizontal

stripes (Figs. 6-7). In preservation, no other

distinctive lateral markings are present in

either of these species. In life, P. menar-
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20 40 60 80 100 120 140 160 180 200

Standard Length (mm)

Fig. 8. Plot of body depth (BD) as a percentage of standard length (SL) verses SL for P. dambabe (D), P.

menarambo (M), and holotype of P. petiti (P). Letters following specific name correspond to symbols shown on

plot.

ambo is characterized by red terminal bands

in the unpaired fins. Unfortunately, colora-

tion in life for P. petiti is not known, and

comparisons to P. menarambo cannot be

made at this time.

In his original description of P. petiti,

Pellegrin (1929) likewise made no mention

regarding any additional distinctive mark-

ings. Although Pellegrin (1929) commented
on the horizontal striping pattern mentioned

above, he did not note the presence of bars

on the flanks of P. petiti. Other members of

the 'deep-bodied' clade of Paretroplus (ex-

cept P. polyactis) possess this conspicuous

horizontal striping pattern; however, none

other than P. petiti and P. nieiuiraiiibo are

dark brown with no additional lateral mark-

ings. Although the type specimen of P. pe-

titi, a juvenile, is much deeper bodied than

any individual of P. dambabe of similar

standard length, and in fact is deeper bodied

than any individual of P. dambabe exam-

ined, it is quite similar in body depth to

specimens of P. menarambo of similar stan-

dard length (Fig. 8). The possibility exists

that P. petiti and P. menarambo are con-

specific; however, further studies are war-

ranted and depend on the availability of ad-

ditional specimens from the region of the

type locality of P. petiti.

It is clear that P. petiti is not conspecific

with P. dambabe from Lac Kinkony, al-
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though members of the latter species have

been assigned to P. petiti for decades (Kie-

ner 1963, Kiener & Therezien 1963, Kiener

& Mauge 1966). Paretroplus petiti is cur-

rently known only from the holotype. As
discussed, the new species is readily distin-

guished from P. petiti by overall pigmen-

tation pattern and coloration (light yellow-

ish-olive vs. dark brown), the presence of

prominent broad vertical bars on the flanks

(except very large individuals in which the

bars are less conspicuous), and a shallower

body (mean 52.8% vs. 57.9% SL). Paretro-

plus petiti is further distinguished from the

new species by a much deeper supraoccip-

ital crest that is markedly pointed (vs.

rounded) at its dorso-caudal margin.

Comparative Material

Materials are arranged alphabetically by

genus and species, with type specimens list-

ed first followed alphabetically by museum
acronym (C&S = cleared and stained prep-

aration, S = dry skeletal preparation; values

in parentheses indicate number of speci-

mens examined, and do not necessarily cor-

respond to the total number of specimens

in the lot):

Etroplus canarensis: yiCZ 4316 (1), pos-

sible syntype, Canara, Cannanore on Mal-

abar Coast, Kerala, India; AMNH 217754

(1), River Kumaradhara at Kalikai, southern

Canara, India; RMNH 1103 (1), Canara, In-

dia.

Etroplus maculatus: FMNH 58986 (2),

Colombo, Sri Lanka; FMNH 76016 (37, 2

ex. C&S), India; MCZ 4311 (1), Kerala,

Laccadive Sea, Canara, Cannanore on Mal-

abar Coast, India; USNM 301168 (6, 2 ex.

C&S), near Negombo Point, Sri Lanka.

Etroplus suratensis: FMNH 58987 (8),

Colombo, Sri Lanka; MCZ 4306 (2), Ker-

ala, Laccadive Sea, Canara, Cannanore on

Malabar Coast, India; USNM 301178 (6, 2

ex. C&S), near Negombo Point, Sri Lanka.

Oxylapia polli: MNHN 1965-317 (1),

syntype; AMNH 97098 (1); AMNH 97111

(10, 1 ex. C&S); MNHN 1966-1034 (2, 1

ex. C&S); UMMZ 235046 (2, 1 ex. C&S).
All from Madagascar, Tamatave Province,

Mangoro drainage, village of Marolambo,

Nosivolo River.

Paratilapia polleni: RMNH 3.934 (2),

syntypes, island of Nosy be, Madagascar;

RMNH 4.483 (1), syntype, Madagascar;

RMNH 6.690 (2), syntypes, "Ambassuana,

Madagascar septentrionalis, in fluvis";

MNHN A.4195 (3), "marais et rizieres de

rimerina, pres d' Antananarivo"; RMNH
6.692 (1), "Madagascar orientalis, in flu-

vis"; UMMZ 235043 (2 ex. C&S), Lac An-
javibe, island of Nosy be, Madagascar;

UMMZ uncat., Lac de Deux Soures, island

of Nosy be, Madagascar; UMMZ 235044,

Vahifito River, near Vevembe, southeastern

Madagascar; UMMZ 235045 (2 ex. C&S),
Sahapindra River, near Vevembe, south-

eastern Madagascar; UMMZ uncat. (2 ex.

C&S), rivers near Vevembe, southeastern

Madagascar; UMMZ uncat., Manombo
Special Reserve, south of Farafangana,

southeastern Madagascar; UMMZ uncat.

(1), Ampijoroa, Lake Ravelobe, northwest-

ern Madagascar.

Paretroplus dami: RMNH 3.939 (1),

syntype, "Nossibe (Lacus Pambilao)";

RMNH 4.478 (1), syntype, "Nossibe (La-

cus Pambilao)"; UMMZ 233523 (S), north-

western Madagascar; UMMZ 235021 (3 ex.

C&S), Anjingo River, east of Antsohihy,

northwestern Madagascar; UMMZ 235022

(C&S), Lac Andrapongy, north basin,

northeast of Antsohihy, northwestern Mad-
agascar; UMMZ 235023 (1 ex. C&S), An-

dranomaloto River (tributary of Mananjeba

River), north of Ambanja, northwestern

Madagascar; UMMZ uncat. (C&S, S),

northwestern Madagascar.

Paretroplus kieneri: MNHN 1960-580,

holotype, Lac Kinkony, northwestern Mad-
agascar; MNHN 1960-581, paratype, Lac

Kinkony, northwestern Madagascar; MNHN
1966-1043 (13), Riviere Ankalamilotra,

province of Majunga, northwestern Mada-
gascar; UMMZ 235018 (5, 1 ex. C&S), Lac

Ravelobe, near Ampijoroa Forestry station,

northwestern Madagascar; UMMZ 236592
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(4, 1 ex. CS), Lac Kinkony, near Majunga,

northwestern Madagascar; UMMZ uncat. (2

ex. C&S, S), Amboaboa and Mangarahara

Rivers, near Mandritsara, northern Mada-
gascar.

Paretroplus maculatus: MNHN 1965-

315 (2), syntypes, Ambato-boeny, province

of Majunga, northwestern Madagascar;

UMMZ 235019 (2 ex. C&S), Lac Ravelo-

be, near Ampijoroa Forestry Station, north-

western Madagascar; UMMZ 235020 (2 ex.

C&S), Lac Ravelobe, near Ampijoroa For-

estry Station, northwestern Madagascar;

UMMZ uncat. (2 ex. S), Lac Ravelobe and

vicinity, northwestern Madagascar.

Paretroplus maromandia: UMMZ
234790, holotype; AMNH 227336, para-

type. Specimens from Antalaha province,

region of Maromandia, Maintsomalaza Riv-

er, immediately south of Maromandia,
northwestern Madagascar.

Paretroplus menarambo: MNHN 1996-

121 and 1996-122 (2), paratypes, Lac Sar-

odrano, Sofia basin, Potomasina, Madagas-

car; UMMZ 233522 (6, 1 ex. S), Lac Sar-

odrano, approx. 30 km north of Mampi-
kony, northwestern Madagascar; UMMZ
235013 (1), Lac Sarodrano, approximately

30 km north of Mampikony, northwestern

Madagascar; UMMZ 235014 (2 ex. C&S),
Lac Sarodrano, near village of Sarodrano,

approx. 30 km north of Mampikony, north-

western Madagascar; UMMZ uncat., Lac

Sarodrano, northwestern Madagascar.

Paretroplus nourissati: MNHN 1997-

4172, holotype, Amboaboa River, Sofia ba-

sin, Madagascar; MNHN 1997-4173 (4),

paratypes, Amboaboa River, Sofia basin,

Madagascar; UMMZ 235205 (2 ex. C&S,
S), Amboaboa River, near Mandritsara,

northern Madagascar; UMMZ 235206 (3

ex. C&S, S), Amboaboa River near conflu-

ence with Mangarahara River, near Man-
dritsara, northern Madagascar.

Paretroplus petiti: MNHN 1928-282, ho-

lotype, Maintimaso River, Province of Ma-
junga, Ambila, northwestern Madagascar.

Paretroplus polyactis: UMMZ 199407

(3), Madagascar, formerly MNHN 60-222;

UMMZ 235015 (10), Mananjary market

and port, southeastern Madagascar; UMMZ
235016 (15, 3 ex. C&S, S), Farafangana

market, southeastern Madagascar; UMMZ
235017 (C&S), Manombo Special Reserve,

southeastern Madagascar; UMMZ 236593

(1), mangrove swamp near Lalona river,

west coast of Masoala Peninsula, north-

eastern Madagascar; UMMZ uncat. (4),

Maroansetra market, northeastern Madagas-

car.

Paretroplus tsimoly: AMNH 229558, ho-

lotype, AMNH 229559 (1 ex. C&S), para-

type, UMMZ 236893 (1), paratype. Speci-

mens from Akalimilotrabe River, Betsiboka

Basin, northwestern Madagascar.

Paretroplus cf. maromandia: MHNG
2537.60 (2), Lac Andrapongy, near Antso-

hihy, northwestern Madagascar.

Ptychochromis oligacanthus: RMNH
3.936 (2), syntypes, "Madagascar, in flu-

mine Samberano; (var. nossibeensis) Nos-

sibe; in lacu Pambilao"; AMNH 215522

(4), Lac Bemapaza, island of Nosy be,

northwestern Madagascar; AMNH 215523

(15), Lacs Djabala and Ampombilava, is-

land of Nosy be, northwestern Madagascar;

MNHN 1962-322 (1), Sambirano River,

northwestern Madagascar; UMMZ 236591

(26, 4 ex. C&S), Lake Ampombilava, is-

land of Nosy be, northwestern Madagascar;

UMMZ 237498 (22, 2 ex. C&S), Lake Dja-

bala, island of Nosy be, northwestern Mad-
agascar; UMMZ 237493 (3), Lac de Deux
Soures, island of Nosy be, northwestern

Madagascar; UMMZ 237494 (1), Lac Am-
parihibe, island of Nosy be, northwestern

Madagascar; UMMZ 237496 (6), Lac Bem-
pazava, island of Nosy be, northwestern

Madagascar; UMMZ 237497 (8), Lac An-

javibe, island of Nosy be, northwestern

Madagascar; UMMZ 237499 (11, 1 ex.

C&S), Mananjeba drainage, Andranomalo-

to River, northeast of Ambanja. northwest-

ern Madagascar.

Ptychochromis graiididieri: MNHN
A.310 and A.4147 (2). syntypes. Madagas-

car, region of high forests.

Ptychochromis cf. grandidieri: MNHN
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A.7896 (2), originally designated as syn-

types of P. madagascariensis, Lac Itasy,

central Madagascar to the east of Antana-

narivo; MNHN 1901-0020 (1), Tamatave,

eastern Madagascar; MNHN 1901-0021

(1), Tamatave, eastern Madagascar; MNHN
1901-0486 (3), Ankobo, Manambolo River,

Madagascar; MNHN 1901-0487 (3), An-

kobo, Manambolo River, Madagascar;

MNHN 1932-0014 (1), Taraouy River,

Madagascar; MNHN 1932-0082 (1), Man-
ompana, eastern Madagascar; MNHN
1932-0083 (13), Manompana, eastcoast,

Madagascar; MNHN 1935-0007 (1), Man-
anara, eastern Madagascar; UMMZ 233524

(17, S), eastcoast, Madagascar; UMMZ
237311 (9), Mananjary, southeastern Mad-
agascar; UMMZ 237312 (3, 3 ex. C&S),

Manombo Special Reserve, southeastern

Madagascar; UMMZ uncat. (C&S), south-

eastern Madagascar; UMMZ 237495 (1),

Karianga, Rianila drainage, Andriambondro

River, southeastern Madagascar.

Ptychochromis sp.: MNHN 1962-0201

(6), Onilahy River, southwestern Madagas-

car.

Ptychochromis sp.: UMMZ 237066 (1),

Amboaboa River, Sofia drainage, northeast-

ern Madagascar.

Ptychochromoides betsileanus: BMNH
1882.2.25:69, lectotype, Betsileo, Madagas-

car; BMNH 1882.2.25:70 (1), paralectotype,

Betsileo, Madagascar; BMNH 1909.7.27:53

(1), ex. Paris Museum, no locality informa-

tion; AMNH 217753 (1), Ilanana River, near

Ranohira, Onilahy drainage, Madagascar;

AMNH 217763 (1), Manantanana River,

headwaters near laritsena, Ambalavao Re-

gion, Mangoky drainage, Madagascar;

MNHN 1907-0104 (2), Madagascar; MNHN
1919-1 1 (1 ex. C&S), Lac Itasy, central Mad-
agascar; MNHN 1960-255 (1), Madagascar;

MNHN 1965-314 (1), Ambalavao, south-

central Madagascar; UMMZ 199409 (3),

Madagascar; UMMZ 238114 (3), Ilanana

River, south of Isalo National Park, south-

central Madagascar; UMMZ 238115 (5 ex.

S), Ilanana River, south of Isalo National

Park, south-central Madagascar.

Ptychochromoides katria: AMNH 217739,

holotype; AMNH 217740 (8), paratypes;

AMNH 93701 (10, 2 ex. C&S); UMMZ un-

cat (5, 1 ex. C&S). All from Tamatave

Province, Mangoro drainage, Nosivolo Riv-

er, Marolambo, Madagascar.

Ptychochromoides vondrozo: UMMZ
235297, holotype, Fianarantsoa Province,

Region of Vondrozo, near village of Vev-

embe, Mananara drainage basin, Ramanara

River, tributary of Sahampindra River,

southeastern Madagascar; AMNH 228488

(2), data as for holotype; UAZ 2000-1-1

(1), data as for holotype; UMMZ 235293

(1), Sahampindra River, southeastern Mad-
agascar; UMMZ 235294 (3, 1 ex. C&S),
Sahampindra River, approx. 10 km up-

stream from Vevembe Camp, southeastern

Madagascar; UMMZ 235295 (1), Voatavo-

be River, tributary of Vahafito River;

UMMZ 235296 (3, 1 ex. C&S), data as for

holotype.
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Plotosus fisadoha, a new species of marine catfish

(Teleostei: Siluriformes: Plotosidae) from Madagascar

Heok Hee Ng and John S. Sparks

(HHN & JSS) Fish Division, Museum of Zoology, University of Michigan, 1109 Geddes Avenue,

Michigan 48109-1079, U.S.A.

Abstract.—A new species of plotosid catfish, Plotosus fisadoha, is described

from the coastal waters of southeastern Madagascar. Plotosus fisadoha can be

distinguished from congeners by the following unique combination of char-

acters: head length 23.7-23.9 %SL; head width 13.7-15.2 %SL; head depth

11.5-11.8 %SL; body depth at dorsal-fin origin 13.1-13.3 %SL; pectoral-fin

length 14.9-15.0 %SL; pelvic-fin length 9.7-9.8 %SL; snout length 39.0-39.2

%HL; interorbital distance 32.9-33.4 %HL; eye diameter 13.1-14.3 %HL; na-

sal barbel length 40.7-44.0 %HL; maxillary barbel length 47.0-52.3 %HL;
outer mandibular barbel length 47.0-47.7 %HL; 58-59 vertebrae; 10 caudal-

fin rays; 164-171 total confluent median fin rays; and uniform brown colora-

tion.

The family Plotosidae (eel-tailed catfish-

es) is a small assemblage of marine and

freshwater catfishes found throughout the

Indo-Pacific. Allen & Feinberg (1998) rec-

ognized 31 species in 10 genera. The sys-

tematics of Plotosidae are poorly under-

stood, and there have been few revisionary

studies (e.g., Gomon & Taylor 1982, Allen

1998), none encompassing the entire as-

semblage. Plotosus is primarily marine and

distributed throughout the Indo-Pacific.

Plotosus is distinguished from other ploto-

sid genera by the following unique combi-

nation of characters (Gomon & Taylor

1982): a dendritic organ posterior to the

anus, gill membranes separate and free

from the isthmus, four pairs of barbels, lips

without lobes or barbel-like extensions, tu-

bular anterior nostril at or above the edge

of the upper lip, and teeth on the premax-

illa. Of the characters described above, only

the presence of a dendritic organ is a syn-

apomorphy of some plotosids, although it

is not unique to Plotosus (present also in

Paraplotosus, Cnidogtanis, Euristhiuus and

Otoplotosus). Six species of Plotosus are

currently considered valid (Gomon & Tay-

lor 1982; Ferraris in Randall & Lim 2000),

viz. Plotosus abbreviatus Boulenger 1895,

P. canius Hamilton 1822, P. limbatus Va-

lenciennes, in Cuvier & Valenciennes 1840,

P. lineatus (Thunberg 1787), P. nkunga

Gomon & Taylor 1982, and P. papuensis

Weber 1910.

While conducting a survey of the fresh

and brackish water fishes of Madagascar,

the second author obtained specimens of

Plotosus from the southeastern coast of the

island that are morphologically distinct

from any previously described species. The

description of this material forms the basis

of this contribution.

Methods

Measurements were made with dial cal-

ipers and data recorded to 0.1 mm. Counts

and measurements were made on the left

side of the specimens whenever possible.

Vertebral and median fin-ray counts were

taken from radiographs. In tables and text,

subunits of the head are presented as pro-

portions of head length (%HL). whereas

head length and measurements of body
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Fig. 1. Plotosus fisadoha, holotype, UMMZ 232679, 191.8 mm SL, Madagascar: southeastern coast: Fian-

arantsoa Province: Farafangana market.

parts are given as proportions of standard

length (%SL).

Measurements and terminologies follow

those of Gomon & Taylor (1982), except

for vertebral counts, which include the

complex anterior vertebra and count the

first free vertebra as the sixth. Institutional

acronyms follow Leviton et al. (1985).

Plotosus fisadoha, new species

Fig. 1

Holotype.—\JMMZ 235269, 191.8 mm
SL; Madagascar: southeastern coast Fian-

arantsoa Province; Farafangana market; ac-

quired from fisherpersons; J. S. Sparks, K.

J. Riseng, & P. N. Reinthal, 18 Jun 1994.

Paratypes.—\5MMX 238723, 1 ex.,

180.4 mm SL; data as for holotype.

Diagnosis.—Plotosus fisadoha can be di-

agnosed from congeners except for P. ab-

breviatus and P. lineatus in having fewer

total rays in confluent median fins (139-

200 vs. 202-281) and vertebrae (54-63 vs.

72—85). Plotosus fisadoha differs from P.

abbreviatus in having a longer pelvic fin

(9.7-9.8 %SL vs. <8.6), deeper body
(13.1-13.3 %SL vs. <12.3), larger eye

(13.1-14.3 %HL vs. 8.1) and shorter nasal

barbels (40.7-44.0 %HL vs. 69.6), and

from P. lineatus in having a more slender

head and body (head depth 11.5-11.8 %SL
vs. 12.0-13.0; body depth at dorsal-fin or-

igin 13.1-13.3 %SL vs. 13.4-15.2), a

smaller eye (13.1-14.3 %HL vs. 15.1-18.4)

and a body lacking pale horizontal stripes

(vs. stripes present).

Description.—Morphometric and meris-

tic data presented in Table 1 . Body laterally

compressed and somewhat anguilliform, ta-

pering posteriorly. Anus and urogenital

openings located at vertical through mid-

point of appressed pelvic fin. Dendritic or-

gan located posterior to anus. Skin smooth.

Lateral line complete and midlateral in po-

sition.

Head depressed and broad. Snout margin

rounded viewed from above. Upper lip

fleshy, plicate and papillose. Gill openings

wide, extending from posttemporal region

to beyond isthmus (i.e., to a vertical

through anterior orbital margin). Gill mem-
branes free from isthmus and each other.

Four pairs of barbels, each barbel some-

what broadened and flattened. Maxillary

barbel extending posteriorly to preopercle

when appressed. Nasal barbel extending to

posterior margin of orbit. Origin of inner

mandibular barbel near to midline; barbel

thicker and longer than nasal barbel and ex-

tending to vertical through posterior orbital

margin. Outer mandibular barbel originat-

ing posterolateral to inner mandibular bar-

bel, extending to level of preopercle.

Eye ovoid, horizontal axis longest; locat-

ed entirely in dorsal half of head.

Mouth subterminal. Oral teeth small,

peg-like or molariform, in irregular rows on

all tooth-bearing surfaces. Premaxillary

tooth band rounded, of equal width
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Table 1
.—Morphometric and meristic data for Plotosus fisadoha.

UMMZ 235269
(holotype)

UMMZ 238723
(paratype)

Morphometries

SL

In %SL
Head length

Head width

Head depth

Predorsal distance

Preanal length

Prepelvic length

Prepectoral length

Body depth at dorsal-fin origin

Pectoral-fin length

Length of dorsal-fin base

Pelvic-fin length

Caudal-fin length

In %HL
Snout length

Interorbital distance

Eye diameter

Nasal barbel length

Maxillary barbel length

Inner mandibular barbel length

Outer mandibular barbel length

Meristics

Dorsal fin rays

Pectoral fin rays

Pelvic fin rays

Procurrent caudal rays in dorsal lobe

Caudal fin rays

Anal fin rays

Branchiostegal rays

Gill rakers on first gill arch

Vertebrae

191.8

23.9

13.7

11.5

28.4

45.6

37.7

22.5

13.3

15.0

5.8

9.7

7.8

39.2

32.9

13.1

44.0

52.3

41.4

47.7

1,4

1,12

iii,8

89

10

65

11

6+16
-h 43 = 59 17

180.4

23.7

15.2

11.8

28.8

42.8

37.3

21.0

13.1

14.9

4.9

9.8

8.3

39.0

33.4

14.3

40.7

47.0

43.0

47.0

1,4

Lll

iii,7

89

10

72

11

6+16
+ 41 = 58

throughout. Dentary tooth band much nar-

rower than premaxillary tooth band at sym-

physis, tapering laterally. Vomerine tooth

patch a median triangle of molariform teeth.

Dorsal fin located above anterior third of

body; origin nearer tip of snout than caudal

flexure. Dorsal-fin margin convex, first fin

ray longer than others. Dorsal-fin spine

straight and robust (broken in both speci-

mens). Anal fin with long base and extend-

ing along posterior half of body. Caudal fin

lanceolate, with greatly enlarged upper pro-

current rays forming a second dorsal fin ex-

tending along posterior two thirds of body.

Anal and caudal fins confluent, forming a

continuous median fin along posterior two

thirds of body dorsally, posterior half of

body ventrally. Pelvic-fin origin at vertical

through anterior end of upper procurrent

caudal-fin rays. Pelvic-fin margin slightly

convex, tip of appressed fin reaching anal-

fin origin. Pectoral fin with stout spine (bro-

ken off in both specimens). Pectoral-fin

margin straight anteriorly, convex posteri-

orly.

Coloration in presen'otive.—Dorsal and

lateral surfaces of head and body uniform

brown; ventral surfaces of head, breast and
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belly lighter brown, with scattered mela-

nophores. Barbels brown, gradually fading

in color distally. Dorsal and confluent anal

+ caudal fins hyaline, with dark brown dis-

tal margin. Pectoral and pelvic fins hyaline,

with sporadically distributed small, dark-

brown spots.

Distribution.—Known only from the

coastal waters off the southeastern coast of

Madagascar, Fianarantsoa Province, near

town of Farafangana (22°49'S, 47°49'E).

There are no coral reefs in this region of

Madagascar, and the new species likely in-

habits sandy and muddy coastal lagoons

and estuaries, as opposed to P. lineatus

which inhabits coral reefs. It is likely that

with more intensive survey of Madagascar's

nearshore marine fauna additional collec-

tion localities will be discovered.

Etymology.—From a Malagasy contrac-

tion of the words fisaka, meaning flat and

loha, meaning head. In reference to the

broad, flattened head of this species, espe-

cially when compared with the sympatric P.

lineatus. An unlatinized specific epithet

used as a noun in apposition.

Comparative material.—Plotosus ab-

breviatus: BMNH 1894.8.3.35, 1 ex., ho-

lotype, 382 mm SL; Borneo: Sarawak,

mouth of Baram River.

Plotosus canius: UMMZ 225087, 1 ex.,

156.0 mm SL; Thailand: Cholburi, Gulf of

Thailand, shore near Ban Si Racha. UMMZ
227490, 1 ex., 228.0 mm SL; Vietnam: Ba
Xuyen province, Giao, 3 km S of Truong

Binh at mouth of Bassac. UMMZ 234299,

1 ex., 211.0 mm SL; Thailand: market at

Chantaburi.

Plotosus limbatus: USNM 219576, 4 ex.,

343-366 mm SL; Sri Lanka: Kakaithivu

fish landing, about 3 miles S of Vadduk-

kodai.

Plotosus lineatus: UMMZ 185455, 24

ex., 78.8-165.0 mm SL; Madagascar: Tu-

lear. USNM 350021, 24 ex., 28.6-36.9 mm
SL; Mauritius: W coast, Bale de la Petite

Riviere, around and off rocks at N end of

public beach at Albion, just S of Pointe Pe-

tite Riviere.

Plotosus nkunga: USNM 226490, 3 ex.,

paratypes, 432-489 mm SL; South Africa:

eastern Cape, Kasonga.

Plotosus papuensis: USNM 217106,
30.7-146.5 mm SL; Papua New Guinea:

mainstream of Palmer and lower end of

small tributary about 1 km up the Palmer

from Thompson junction (mouth of Wai
Mungi), 65 km NE of Kiunga, 930 km up-

river from Toro pass (6°46'48"S 141°

36'36"E).

Additional data of the last five species

listed above obtained from Gomon & Tay-

lor (1982).

Remarks.—Plotosus fisadoha and P. li-

neatus are the only species of Plotosus

known from Madagascar to date (see Sau-

vage 1891, Pellegrin 1933, Kiener 1963,

Bauchot & Bianchi 1984).

Plotosus fisadoha differs from all con-

geners except P. lineatus (and possibly P.

abbreviatus) in having fewer total rays in

confluent median fins and vertebrae (Table

2). It further differs from P. canius in hav-

ing longer pectoral and pelvic fins, barbels

and snout, a longer and deeper head, and a

larger eye (Table 2); from P. limbatus in

having longer pelvic fins, head and barbels

(Table 2); from P. nkunga in having a lon-

ger, narrower head and wider interorbital

distance (Table 2); and from P. papuensis

in having longer pelvic and pectoral fins,

snout, barbels, a narrower and more slender

head, more slender body, wider interorbital

distance and larger eye (Table 2).

Plotosus fisadoha resembles P. lineatus

most closely in the number of total rays in

confluent median fins and vertebrae. How-
ever, it can be easily distinguished from P.

lineatus in having a more slender head and

body, and a smaller eye (Table 2). The color

patterns of P. fisadoha and P. lineatus also

differ substantially. The former species is

uniform brown in coloration and lacks pale

horizontal stripes on the body, whereas the

latter species usually possesses two or three

pale horizontal stripes on the dorsal and lat-

eral surfaces of the body, with two of the

stripes extending to the head.
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Boulenger (1895) distinguished P. ab-

breviatus from congeners on the basis of

fewer caudal-fin rays (10 vs. 18). Exami-

nation of a radiograph of the holotype

shows that the caudal region was damaged
and subsequently healed, as evidenced by

the lack of both hypurals and epurals and

the asymmetric nature of the regenerated

caudal region. Such damage and regenera-

tion is often seen in catfishes with anguil-

liform bodies (and most notably in Clarias;

Lim & Ng 1999). Caudal region deforma-

tion in the only known specimen of P. ab-

breviatus makes comparison to congeners a

little more difficult. Morphometric ratios

based on %SL cannot be reliably estab-

lished and the values presented in Table 2

are likely inflated (i.e., SL of the deformed

specimen is less than it would be if undam-

aged). Nevertheless, Plotosus fisadoha is

still easily distinguished from P. abbrevia-

tus in having a longer pelvic fin, deeper

body, larger eye and shorter nasal barbels

(Table 2).

The Malagasy nearshore marine fauna is

extremely poorly studied and desperately in

need of survey. To date, nearshore marine

collections are known for only a few scat-

tered localities, particularly collections

made by Bardach and Mauge in the late

1960's from the region of Tulear in south-

western Madagascar. It is likely that with

intensified survey efforts of this fauna, ad-

ditional localities will be discovered for the

new species.
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Redefinition of Betaeopsis Yaldwyn, 1971, and invalidation of

Hamalpheus Bruce & Iliffe, 1991 (Crustacea: Decapoda: Alpheidae)

Arthur Anker and Ming-Shiou Jeng

(AA) Laboratoire des Invertebres Marins et Malacologie, Museum National d'Histoire Naturelle,

55, rue de Buffon, 75005 Paris, France, e-mail: anker@mnhn.fr;

(MSJ) Institute of Zoology, Academia Sinica, Nankang, Taipei, Taiwan 11529, R.O.C.,

e-mail: jengms@gate.sinica.edu.tw

Abstract.—The poorly known alpheid shrimp Betaeopsis indicus (De Man),

originally described from Lombok, Indonesia, is reported here for the first time

from the waters of Taiwan and northern Australia. Examination of the new
material has shown that the monotypic Hamalpheus Bruce & Iliffe, is a junior

synonym of Betaeopsis Yaldwyn. Three of the four diagnostic features used to

separate Hamalpheus from other alpheid genera, are present in both B. indicus

and the type species B. aequimanus (Dana). These features include the peculiar

hook-like spines on the uropods. Betaeopsis, now containing three species, is

redefined, while detailed redescriptions and synonymies are provided for B.

aequimanus and B. indicus. The relationships of Betaeopsis to Betaeus Dana
are discussed.

The type description of the alpheid

shrimp Betaeopsis indicus (De Man, 1910,

as Betaeus indicus), was based on two spec-

imens, an ovigerous female and a young in-

dividual, collected by the Siboga Expedi-

tion in Lombok, Indonesia. Subsequently,

B. indicus was recorded in the Red Sea by

Banner & Banner (1981), and in the Phil-

ippines by Chace (1988), each time accom-

panied by short comments and without il-

lustrations.

In January-February 1999 one of us

(AA) studied the alpheid collection at the

National Museum of Natural History,

Smithsonian Institution, Washington, D.C.

and examined a large male specimen from

Ch'uan-fan-shih, Taiwan, carrying a label

''Betaeus sp." This specimen presented all

characters of Betaeopsis indicus, as de-

scribed by De Man (1910), but furthermore

it was found to have two conspicious hook-

like spines on the tip of the uropodal en-

dopod. This unusual feature was not men-
tioned in De Man's original description.

The only alpheid species known to present

this feature is Hamalpheus acanthops Bruce

& Iliffe, 1991, described on the basis of a

single female specimen collected in a ma-

rine lava tube on Upolu Island, Samoa. This

discovery prompted the rexamination of

both genera.

We examined the majority of known
specimens of B. indicus and H. acanthops,

including type-specimens of both species.

Also examined were specimens of Betaeop-

sis aequimanus (Dana, 1852), the only oth-

er species of the genus Betaeopsis Yald-

wyn, 1971 and its type species. All these

specimens were found to bear the hook-like

spines on the uropods. Furthermore, both

species of Betaeopsis share two features

considered as diagnostic for Hamalpheus

(cf. Bruce & Iliffe 1991): the inner spines

of the posterior margin of telson slightly

curved upwards, and the presence of strong

acute projections on the eyestalks. The only

character remaining which separates H.

acanthops and B. indicus is the absence of

dorsal spines on the telson in the former

species, a character not considered to be of
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Table 1 .—The branchial formula summary of Betaeopsis Yaldwyn, 1 97 1

.

571

Mxpl Mxp2 Mxp3 PI P2 P3 P4 P5

Pleurobranchs 1 1 1 1 1

Arthrobranchs 1

Podobranch

Mastigobranch 1 1 1

Setobranchs + + +
Exopods 1 1 1

generic importance. Hence Hamalpheus is

placed in the synonymy of Betaeopsis. Be-

taeopsis is redefined, and redescriptions are

provided for B. aequimanus and B. indicus.

Material and Methods

The material ex,amined remains deposit-

ed in the National Museum of Natural His-

tory, Smithsonian Institution, Washington,

D.C., U.S.A. (USNM); Northern Territory

Museum, Darwin, Australia (NTM);
Queensland Museum, Brisbane, Australia

(QM); Naturhistoriches Museum Wien,

Austria (NHMW); Zoological Museum,
University of Amsterdam, Netherlands

(ZMU); and Nationaal Natuurhistorisch

Museum, Leiden, Netherlands (RMNH).
All measurements and scales are in milli-

meters. Abbreviations used in the text as

following: TL = total length; CL = cara-

pace length; Mxp = maxilliped; P = pe-

reiopod.

Family Alpheidae Rafinesque, 1815

Betaeopsis Yaldwyn, 1971

Hamalpheus Bruce & Iliffe, 1991: 583.

Diagnosis.—Body not strongly com-
pressed. Carapace smooth; frontal region

without rostrum or orbital teeth; pterygos-

tomial angle rounded. Eyes concealed in

dorsal view, visible in frontal view; cornea

well developed; eyestalks with strong an-

terior processes between cornea and median
margin. Outer antennular flagellum bira-

mous. Mandible with palp. Ultimate seg-

ment of third maxilliped distally armed
with small spine. First pereiopods subsym-

metrical, equal, carried extended with dac-

tylus ventral; outer face of palm smooth,

mesial face with blunt tubercles; cutting

edges of chela with irregular teeth, lacking

snapping mechanism. Second pereiopods

with carpus 5-segmented. Third pereiopods

with or without movable spine on inferior

margin of merus; dactylus biunguiculate.

Articulated plate on sixth abdominal seg-

ment absent. Second male pleopod with ap-

pendix interna and appendix masculina.

Uropodal endopod with 2 hook-like spines

on distal margin. Telson with or without

dorsal spines; posterior margin laterally

with 2 subequal spines, inner curved up-

wards. Anal tubercles absent. Branchial for-

mula summarized in Table 1.

Type species.—Betaeopsis aequimanus

(Dana, 1852), by original designation

(Yaldwyn, 1971:88)

Other species.—B. indicus (De Man,

1910), and B. acanthops (Bruce & Iliffe,

1991), new combination.

Remarks.—Several important characters

have been added to the generic diagnosis of

Betaeopsis, the most important being the

presence of the hook-like spines on the en-

dopod of uropod. Bruce & Iliffe (1991) list-

ed several characters shared by Betaeopsis

(now including Hamalpheus) and Betaeus:

absence of rostrum and orbital teeth; eyes

completely covered by frontal projection of

carapace; first pereiopods with chelae car-

ried extended, with dactylus in ventral po-

sition; fingers of chelae lacking molar pro-

cess and fossa; second pereiopods with 5-

segmented carpus; robust ambulatory pe-

reiopods, only first and second with

epipods; diaresis of uropodal exopod non-

denticulate. However, several other alpheid
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genera, not closely related to Betaeopsis or

Betaeus, are characterized by the absence

of rostrum and snapping mechanism, have

dorsally concealed eyes, five-segmented

carpus and inverted first chela. The last two

characteristics listed by Bruce & Iliffe

(1991) are not exact. We examined most

species of Betaeus and found that at least

eight of them have strap-like epipods on

first to fourth pereiopods, and not only on

first and second. Also, the transverse suture

in many Betaeus species is denticulate

(finely toothed).

Betaeopsis can be separated from Be-

taeus by the presence of uropodal hooks;

the reduced number of epipods; the shape

of the diaresis (non denticulate in Betaeop-

sis vs. finely denticulate in most species of

Betaeus); the absence of the articulated

plate on sixth abdominal somite; and the

absence of anal tubercles.

Betaeopsis aequimanus (Dana, 1852)

Figs. lA, 2-5

Betaeus aequimanus Dana, 1852a (con-

spectus): 23.— 1852b: 560.—1855 (at-

las), pi. 35, fig. 11.—Miers, 1876: 83.—
Filhol, 1885: 433.—Coutiere, 1896:

384.-1899 (see Chace & Forest, 1970,

for full page and figure numbers).

—

Thomson, 1903: 438, pi. 28, figs. 1, 2.—
Richardson & Yaldvv'yn, 1958: 37, fig. 36

(in key).—Zarenkov, 1968: 194.

Betaeopsis aequimanus—Yaldwyn, 1971:

88.

Material examined.—3 males (largest CL
7.2 mm). Palm Beach, Waiheke Isl., south-

ern Hauraki Gulf, North Island, New Zea-

land, USNM 10734. 1 male (CL 4.8 mm,
TL 16 mm), Te Onepoto, North Island, coll.

and depth unknown, NHMW 955.

Redescription.—Medium-sized alpheid

shrimp—maximum TL about 32 mm
(Thompson 1903, Richardson & Yaldwyn
1958). Carapace smooth, dorsal region with

very short and scarce setae; frontal region

with deep subacute, dorso-median incision

(Fig. 2B) extending posteriorly to about

middle of corneas (cf. Coutiere 1899:65-

67, figs. 9-13), triangular in dorsal and

frontal views. Orbital hoods completely

covering eyes in dorsal view, but open an-

teriorly. Eyes partially visible in lateral

view. Anterior margins of each eyestalk

with strong, acute process visible in lateral

aspect of frontal region (Fig. 2A). Ocellar

beak produced in a strong, acute tooth, well

visible in dorsal and frontal view. Ptery-

gostomial region rounded; branchiostegial

margin of carapace with weak emargination

above first and second pereiopods (Fig.

2H).

Antennular peduncle robust; first anten-

nular article with strong stylocerite reaching

distal half of second article or third article,

and with shallow depression proximal to

distal margin (Fig. 2C); medio-ventral mar-

gin with strong acute carina (Fig. 2C); sec-

ond article shorter than first, and slightly

longer than third; external antennular fla-

gellum biramous, bifurcating at twelfth seg-

ment in largest specimen. Antennae robust;

basicerite stout, with large ventro-lateral

tooth; carpocerite exceeding both scapho-

cerite and antennular peduncles; scaphocer-

ite broadly ovate (Fig. 2B), with strong lat-

eral spine reaching to anterior margin of an-

tennular peduncle; antennal flagellum long,

very robust and flattened.

Mouthparts typical for Alpheidae (Fig.

4); mandible with incisor process bearing 5

strong teeth, a 2-jointed palp, and molar

process with semicircular rows of setae;

maxillule with bilobed palp, both lobes with

slender plumose setae; maxilla with small

palp and deeply notched upper lacinia; first

maxilliped with weakly developed caridean

lobe; second maxilliped with very long ex-

opod and triangular epipod. Third maxilli-

ped not exceeding antennal peduncle; coxa

with acute lateral plate above strap-like epi-

pod (Fig. 5C); exopod almost reaching pen-

ultimate segment of endopod; antepenulti-

mate segment slender, longer than penulti-

mate and ultimate segments together; ulti-

mate segment with numerous rows of

strong setae and with 1 apical spinule; ar-
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Fig. 1. A, Betaeopsis aequimanus (Dana, 1852). Male, USNM 10734; B, Hamalpheus acanthops Bruce &
Iliffe 1991. Female holotype (after Bruce & Iliffe 1991).

throbranch rather feebly developed, with 4

or 5 branchial leaflets (Fig. 5A).

First pereiopods almost symmetrical and

equal in size, carried extended and slightly

twisted mesially (Fig. 3); coxa bearing a

strap-like epipod; ischium without special

features; merus as long as palm, triangular

in cross-section, superior and lateral mar-

gins terminating each by distal tooth; car-

pus short, cup-shaped, with 3 blunt distal

teeth (Fig. 3B and Coutiere 1899:188, figs.

222-226); chelae slightly enlarged, with

dactylus situated in ventral position; palm

about 1.7 times longer than dactylus; lateral

side of palm smooth, mesial side bearing

row of small tubercles (Fig. 3B); fixed fin-

ger with elongated, curly setae on margin

(Fig. 3C); cutting edges armed with small

irregular teeth (Fig. 3D).

Second pereiopods as long as first che-
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Fig. 2. Betaeopsis aequimanus (Dana, 1852). Male, USNM 10734. A, frontal region, lateral view; B, same,

dorsal view; C, antennule: stylocerite and carina; D, branchiostegial margin from third maxilliped to third

pereiopod, ep—epipod (mastigobranch), Mxp3—third maxilliped, PI—first pereiopod, P3—third pereiopod; E,

second pleopod; F, same, appendix interna and appendix masculina; G, telson and left uropod: H, uropod. lateral

spine; I, same, tip of endopod; J, telson, posterior margin.

lipeds when fully extended; coxa with a

strap-like epipod; carpus 5-jointed, proxi-

mal article nearly as long as four following

combined, proportions of carpal articles ap-

proximately equal to: 4.7 : 1.0 : 1.0 : 1.0 :

2.4 (Fig. 3E); chelae simple, with unarmed

cutting edges; palm as long as distal carpal

article and about 1.6 times longer than dac-



VOLUME 115, NUMBER 3 575

1 mm

Fig. 3. Betaeopsis aequimanus (Dana, 1852). Male, USNM 10734. A, first pereiopod, outer and ventral

view; B, same, dorsal view; C, same, inner view; D, same, fingers; E, second pereiopod, carpus.

tylus; fixed finger and dactylus with nu-

merous thickened setae. Third pereiopod

robust (Fig. 5D); coxa with setobranchs

only; following articles somewhat com-
pressed; ischium unarmed; merus armed

with strong spine on proximal inferior mar-

gin (Fig. 5D); carpus with superior projec-

tion above carpo-propodal articulation, and

small distal spine on inferior margin; pro-

podus armed with 6 to 8 small, paired or

unpaired spines, and 2 stronger, curved dis-

tal spines proximal to dactylar articulation;

dactylus biunguiculate, secondary unguis

acute, situated on distal portion of inferior

margin. Fourth pereiopod similar to third,

less robust and without setobranchs. Fifth

pereiopod with slightly different propor-

tions of articles (merus relatively shorter,

propodus longer. Fig. 5F); spinulation of

propodus reduced to 4 or 5 spines, includ-

ing distal pair of curved spines; brush on

distal portion of propodus composed of 3

rows of short setae (Fig. 5G).

Abdomen smooth, pleura 1-4 ventrally

rounded, fifth pleuron with acute ventro-

posterior angle. Ventral posterior margin of

sixth abdominal segment with acute median

tooth. Uropods reaching far beyond telson,

sparsely covered by fine setae; exopod with

strong lateral spine and well marked, thick-

ened diaresis; tip of endopod with 2 strong,

ventrally curved spines. Telson broad.
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Fig. 4. Betaeopsis aequiinaiuis (Dana, 1852). Male, USNM 10734. Right mouthpart.s in outer view (except

A—inner view). A, mandible; B, maxillula; C, maxilla; D, first maxilliped; E, second maxilliped.
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BCEG

Fig. 5. Betaeopsis aequimanus (Dana, 1852). Male, USNM 10734. A, third maxilliped; B, same, tip of

ultimate segment; C, same, lateral plate, epipod and arthrobranch; D, third pereiopod; E, same, distal portion of

propodus and dactylus; F, fifth pereiopod; G, same, distal portion of propodus and dactylus.
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slightly tapering, with a shallow, medio-

dorsal, longitudinal groove, and two pairs

of strong dorsal spines; posterior margin

with lateral parts somewhat angular and

median part rounded; 2 pairs of subequal,

short, blunt spines, inner being slightly

curved upwards (right outer spine missing

in one specimen, cf. Fig. 2J).

Color.—According to Thomson (1903:

439): "the specimens from Stewart Island,

taken under stones, were of a uniform

brownish-red colour; those from Moeraki,

caught on the seaweed, were olive-green."

Richardson & Yaldwyn (1958) noted the

color as "orange-yellow or dark green with

dorsal light-coloured band".

Type material.—Dana's (1852) types col-

lected in the Bay of Islands are probably no

more extant.

Distribution.—Restricted to temperate

waters of New Zealand and neighbouring

islands. Reported from Bay of Islands, Wai-

wera, Cape Campbell, Moeraki, Dunedin,

Stewart Island, Chatham Islands (Thomson

1903, Richardson & Yaldwyn 1958), Cook
Strait (Filhol 1885), Waiheke Island off

Auckland.

Habitat and biology.—Found in coastal

shallow waters, "most commonly under

stones or among weed between tide-marks,

less rarely in rock-pools" (Thomson 1903).

Thomson also noted that "the normal mode
of progression appears to be walking, but

when disturbed the animal escapes by vig-

orous leaps of a foot or more in length."

The shrimps may be often found in damp
situations out of water, and are capable of

jumping like littoral amphipods. Ovigerous

females are found from August to at least

January (Richardson & Yaldwyn 1958).

Betaeopsis indiciis (De Man, 1910)

Figs. 6, 7

Betaeus indicus De Man, 1910: 309; 1911:

173; 1915 (atlas): pis. 4, 5, fig. 15.—
Yaldwyn, 1971: 88.—D. M. & A. H.

Banner, 1981: 48.—D. M. & A. H. Ban-

ner, 1985: 35.—Chace, 1988: 69.

Material examined.—Syntypes: 1 ovig-

erous female (CL 6.2, TL 20) and 1 young
specimen, (CL 4.5, TL 14.5), Anchorage

off Labuan Pandan, Lombok, Indonesia,

sta. 34, 27 March (year not given), 18 m,

coral reef, ZMU De 102776.-1 male (CL
5.6), 09°03'08"N, 122°59'30"E, Maloh, Ne-

gros, Visayan Islands, Philippines, S.O.S.C.

coll., 13 May 1978, poison, 0-1 m, USNM
213508.-1 male (CL 10, TL 27), label

"Betaues sp.?", rocky shore, Ch'uan-fan-

shih, Taiwan, 2r55'8N, 120°49'E, sta.

VGS 68-21, coll. V. G. Springer, J. H.

Choat, C. W. Yen, 7 May, 1968, to 13 m,

USNM 362219.-1 female (CL 5.1, TL
15), 12°31'8"S, 123°33'2"E, Cartier Reef,

Timor Sea, off NW Australia, coll. J. Short,

sta. Ca-09, 5 May 1992, marine reef, under

beach rock boulders, on sand, QM
W 17551.—5 specimens (not measured and

sexed), Cundabilu Islands, Dahlak Archi-

pelago, SW Red Sea, rocky eastern shore,

with sand patches and corals, at 1-2 m, coll.

E62 (First Israeli South Red Sea Expedi-

tion, Tel Aviv University), 20 March 1962,

RMNH.
Redescription.—Medium-sized alpheid

shrimp (TL 15-27 mm). Carapace smooth,

with some sparse setae; frontal region with

shallow median emargination (Fig. 6B).

Eyes dorsally concealed completely by or-

bital hoods, not visible in lateral view, well

visible in frontal view. Anterior margins of

each eyestalk with strong, acute process

(Fig. 6C). Ocellary beak well developed.

Pterygostomial region rounded; branchios-

tegial margin with very shallow sinus

above first and second pereiopods.

Antennule with well developed stylocer-

ite reaching to midlength of second article;

antennular carina as illustrated (Fig. 7E);

outer antennular flagellum bifurcating at

ninth-twelfth segment; antenna with robust

flagellum (Fig. 68); basicerite with acute

ventro-lateral tooth; scaphocerite ovate,

reaching distal part of third antennulai" ar-

ticle, bearing strong lateral spine (Fig. 6B);

caipocerite of antenna exceeding both sca-

phocerite and antennulai" peduncles. Mouth-
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Fig. 6. Betaeopsis indicus (De Man, 1910). A-H,—syntype, female, ZMU Del0277; B, frontal region, dorsal

view (after De Man 1910); C, same, lateral view; D, first pereiopod; E, second pereiopod; F, third pereiopod;

G, same, dactylus; H, egg.

parts typical for genus. Third maxilliped

when extended, not exceeding antennal pe-

duncles; exopod not reaching penultimate

segment; arthrobranch weakly developed.

First pereiopods robust, with chela en-

larged (Fig. 6C); merus slightly shorter than

palm, more or less triangular in cross-sec-

tion, with weak apical tooth on superior

margin and blunt apical tooth on lateral

margin; carpus with rounded distal teeth;
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Fig. 7. Betaeopsis indicus (De Man, 1910). A. B, E-H, male, USNM 213508 (Philippines); C, D. I. male,

USNM 362219 (Taiwan); A, D, frontal region, dorsal view; B. C, same, lateral view; E. antennular carina; F,

third maxilliped, tip of ultimate segment; G, first pereiopod; H, same, fingers; 1, uropod, hook-like spines at tip

of endopod.
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chelae not enlarged, slightly elongated, lat-

eral side smooth, mesial side with tubercles;

palm about 1.5 times longer than dactylus;

opposable margins of movable and fixed

finger armed with irregular rounded teeth,

especially in large males; both fingers se-

tose, especially at tips.

Second pereiopods shorter than first che-

lipeds when both fully extended; carpus 5-

segmented, length of proximal article sub-

equal to combined length of 3 following ar-

ticles, distal article about 1.5 times shorter

than proximal, proportions of carpal articles

equal to 4.1 : 1.0 : 1.0 : 1.1 : 2.6 (Fig. 6E);

chelae simple, palm slightly longer than

dactylus, fingers with numerous tufts of

thickened setae. Third pereiopod more ro-

bust than following pereiopods; merus
armed with spine on inferior margin, prox-

imal to ischium (Fig. 6F); carpus with large

superior projection above carpo-propodal

articulation; propodus armed with 6-8

small, paired or unpaired spines, and 2

stronger, slightly curved distal spines prox-

imal to dactylus; dactylus slender, biungui-

culate (Fig. 6G). Fourth pereiopod almost

identical to third, but slightly shorter and

less robust. Fifth pereiopod shorter than

fourth, with reduced propodal spinulation;

brush on distal portion of propodus com-
posed of 2 rows of short setae.

Pleura 1-4 of abdomen ventrally round-

ed, fifth pleuron angular. Ventral posterior

margin of sixth abdominal segment with

rather blunt, triangular, median tooth. Exo-

pod of uropod with well developed diaresis;

endopod posteriorly with two hook-like

spines. Telson with dorsal spines situated

close to lateral margin (cf. De Man 1911);

posterior margin slightly rounded, with sub-

equal spines at each postero-lateral angle.

Eggs rather large (about 1 mm in diameter),

only few remaining (Fig. 6A, H).

Color.—Unknown in life.

Variation.—The smaller specimen from

the Philippines has the orbital hoods some-

what more inflated than the larger Taiwa-

nese specimen. The frontal margin of the

latter is more emarginated and has a shal-

low median groove (Fig. 7A, D), while its

first chelipeds are more robust and slightly

more elongated than those of other speci-

mens, obviously due to its larger size.

Distribution.—Indo-West Pacific. Previ-

ously reported from the southern Red Sea,

the Philippines, and Indonesia. Present ma-

terial extends its range further to Taiwan

and northwestern Australia.

Habitat.—B. indicus seems to replace B.

aequimanus in tropical regions, occupying

probably similar habitats. Most specimens

of B. indicus were collected on coral reefs,

e.g., under rocks or boulders. The syntype

specimens were collected at the depth of 18

m, all other specimens in shallower waters

(0-1 m).

Remarks.—The ischial spine on the third

pereiopod is usually tightly apressed to the

merus. Probably for this reason this spine

is lacking on the figure of the third pereio-

pod of De Man (1915, fig. 15e), although

it was noted in the original description (cf.

De Man 1910:310).

Betaeopsis acanthops (Bruce & Iliffe,

1991), new combination

Fig. IB

Hamalpheus acanthops Bruce & Iliffe,

1991: 584, figs. 1-5.

Material examined.—Holotype, 1 female

(CL 7.7, TL 27.3), sta. 83-034, Tosua-To-

lesua lava tube, Lotofaga village, Upolu, W
Samoa, 17 Apr 1988, coll. T. M. Iliffe & S.

Sarbu, NTM Cr.007421.

Description.—See Bruce & Iliffe (1991).

Distribution.—Known only from the

type locality, Upolu, Western Samoa.

Habitat.—The unique specimen was col-

lected by hand from a shallow intertidal

pool in the rear portion of a small side gal-

lery of the cave, close to the sea. Bruce &
Iliffe (1991) suggested that the spines on

the endopod of the uropod could represent

an adaptation to the life in these lava tubes,

serving as a kind of anchor to resist to the

strong water current. However, as shown in
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the present study the hook-hke spines are

also present in B. aequimanus and B. indi-

cus, typically intertidal species, and there-

fore the function of these spines remains

unclear, although they could nonetheless

serve to anchor the shrimp during its for-

aging activities between boulders exposed

to wave action.

Remarks.—It has been suggested (A. J.

Bruce, pers. comm.) that the absence of

dorsal spines on the telson in B. acanthops

could be an individual abnormality of the

type specimen, and therefore, not even of

specific value. However, as only the type

specimen of B. acanthops has been collect-

ed and there is no other evidence to consid-

er it abnormal, we prefer for the present to

treat B. acanthops as a valid species distinct

from B. indicus. We consider the absence

of dorsal spines on the telson in B. acan-

thops to be a diagnostic feature sufficient to

warrant an independent status to this spe-

cies. More specimens from Samoa will be

needed to more firmly conclude on its tax-

onomic status.

Key to species of Betaeopsis

1. Frontal region with deep, triangular, me-

dian groove. Second pereiopod equal or

slightly longer than first pereiopod, prox-

imal carpal article as long as the sum of

following 4 articles. Merus of third pe-

reiopod with strong spine on inferior

margin, dactylus short. Sixth abdominal

segment with acute median tooth on ven-

tro-posterior margin. New Zealand

B. aequimanus (Dana, 1852)

— Frontal region without median groove.

Second pereiopod shorter than first pe-

reiopod, proximal carpal article shorter

than sum of following 4 articles. Merus

of third pereiopod with or without small

spine on inferior margin, dactylus more

elongated. Sixth abdominal segment

with blunt median tooth on ventro-pos-

terior margin 2

2. Frontal margin with siiallow median

emargination. Telson witii dorsal spines.

Merus of third pereiopod armed with

spine. Red Sea to Taiwan and Australia

B. indicus (De Man, 1910)

- Frontal margin almost straight. Telson

without dorsal spines. Merus of third pe-

reiopod unarmed. Samoa
B. acanthops (Bruce & Iliffe, 1991)

Discussion

Betaeopsis was established for two spe-

cies formerly placed in Betaeus; the short

generic diagnosis of the former by Yaldwyn

(1971) contains mainly characters which

enable separation of Betaeopsis from Be-

taeus, thus emphasizing the close relation-

ship of these two genera. The characters

separating Betaeopsis from Betaeus are the

presence of an articulated flap on the sixth

abdominal segment (absent in Betaeopsis,

present in Betaeus) the shape of the first

chelipeds (subequal, smooth in Betaeopsis,

usually unequal and granulated in Betaeus),

and the number of epipods on the pereio-

pods (reduced to two in Betaeopsis, four in

Betaeopsis). No particular features or dif-

ferential characteristics were mentioned for

eyestalks and uropods. Furthermore, Yald-

wyn's generic diagnosis includes the pres-

ence of a deep median groove on the frontal

margin of the carapace, which is a species-

level character (present only in B. aequi-

manus).

Dana's (1852b) original description of ^.

aequimanus is very short and superficial,

and his subsequent figures (Dana 1855) are

inaccurate. Coutiere (1899) examined B.

aequimanus for his monograph of Alphei-

dae, and discussed and illustrated in detail

some morphological aspects of this species

(e.g., nature of frontal incision, acute pro-

cess on eyestalks, first chelipeds, posterior

margin of telson, etc.). However, details re-

garding the presence of spines or other spe-

cific features on uropods are missing.

Thomson (1903) provided the first reason-

ably detailed description of B. aequimanus

but supplied only two insufficiently detailed

figures (anterior region and telson). How-
ever, he noted that "'the inner plate [uropod]

is ovate in form, and ends in two strong
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spines". It is now clear that these hook-like

spines and several other diagnostic features

are shared by Betaeopsis and Hamalpheus.

Therefore, the latter genus must be con-

sidered as a synonym of Betaeopsis. Bruce

& Iliffe (1991) did not compared their

Hamalpheus specimen with the specimens

of Betaeopsis, and have used the not always

thorough or accurate data published in the

older literature (A. J. Bruce, pers. comm.).
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Peter K. L. Ng and Lawrence M. Liao

(PKLN) Department of Biological Science, National University of Singapore, Kent Ridge,

Singapore 119260, Republic of Singapore, e-mail: peterng@nus.edu.sg;
(LML) Department of Biology, University of San Carlos, 6000 Cebu City, Cebu, Philippines,

e-mail: uscplib@pinya.usc.edu.ph

Abstract.—A new species of the rarely reported genus Euryozius Miers,

1886, is described from the Philippines and is distinguished from its congeners

by carapace and ambulatory leg proportions, anterolateral margin armature, and

form of the frontal margin. This new species, Euryozius camachoi, is only the

third species of the genus reported from the Indo-Pacific, and the only one for

which males are known. Two other Indo-Pacific congeners, E. canorus (Rath-

bun, 1911) and E. danielae Davie, 1992, are known only from type female

specimens. The systematic position of Euryozius is discussed, and the genus is

transferred to the Pseudoziidae Alcock, 1898. The Pseudoziidae is here rec-

ognized as a distinct family, separate from the Goneplacidae where it had been

regarded as a subfamily.

The genus Euryozius Miers, 1886, cur-

rently contains five recognized species;

three from the Atlantic, E. bouvieri (A.

Milne-Edwards, 1869) (= Ozius edwardsi

Barrois, 1888), E. pagalu Manning & Hol-

thuis, 1981, £. sanguineus (Linnaeus, 1767)

(= Pseudozius mellissi Miers, 1881); one

from the Indian Ocean, E. canorus (Rath-

bun, 1911); and one from the Pacific, E.

danielae Davie, 1992.

Recently, we had an opportunity to ex-

amine a series of relatively deep-water xan-

thoid crabs from Balicasag Island in the

Philippines collected by commercial shell

collectors. Several of these specimens

proved to belong to a new species of Eur-

yozius, described herein. The description of

this new taxon and comparisons with con-

geners form the basis of the present paper.

The systematic position of the genus Eur-

yozius is also briefly discussed. The speci-

mens examined are deposited in the Uni-

versity of San Carlos (USC), Cebu City,

Cebu, Philippines; and the Zoological Ref-

erence Collection (ZRC), Raffles Museum
of Biodiversity Research, National Univer-

sity of Singapore. The measurements are

cited in the following order: cw (carapace

width) X cl (carapace length). The abbre-

viations Gl and G2 are used for the male

first and second pleopods respectively.

Euryozius Miers, 1886

Pseudozius (Euryozius) Miers, 1886:141

(type species: Xantho bouvieri A. Milne-

Edwards, 1869, by monotypy; gender

masculine)

Gardineria Rathbun, 1911:236 (type spe-

cies: Gardineria canora Rathbun, 1911,

by monotypy; gender feminine)

Euryozius.—Guinot, 1968:325; Manning &
Holthuis, 1981:124.

Discussion.—Pseudozius {Euryozius)

Miers, 1886, was established with Xantho

bouvieri A. Milne-Edwards, 1869, from the

Atlantic as type species. Two other Atlantic

species are known, viz. E. pagalu Manning
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& Holthuis, 1981, and E. sanguineus (Lin-

naeus, 1767). Rathbun (1911) described a

new genus and species, Gardineria canora

Rathbun, 1911, from the Indian Ocean, but

Gardineria Rathbun, 191 1, is now regarded

as a junior synonym of Euryozius Miers,

1886 (Guinot 1971, Manning & Holthuis

1981, Crosnier in Serene 1984). Until the

discovery of the new species described

herein, no male specimen of any Indo-Pa-

cific Euryozius species was known. Euryoz-

ius canorus and E. danielae were described

from Providence Island in the Seychelles

and Society Islands in French Polynesia re-

spectively, both from female specimens.

The characters of the male specimens of the

new species described herein affirm that all

species discussed above are congeneric.

The taxonomic position of Euryozius

Miers, 1886, has been the subject of some
debate. Although most authors (e.g.. Man-
ning & Holthuis 1981, Davie 1992, Cros-

nier in Serene 1984) regard it as a xanthoid

crab, its precise position within the super-

family (sensu Guinot 1978) is uncertain.

Guinot (1967:264, footnote) implied that

Gardineria was close to Pseudozius Dana,

1851 (which she indicated was synonymous
with Euryozius), and both were allied to

Carpilius Desmarest, 1823. She (Guinot

1967), however, placed Gardineria in Xan-

thinae sensu stricto, but Pseudozius in Men-
ippinae. Subsequently, Guinot (1968a: 156)

resurrected Euryozius as a valid genus and

also referred it to the Menippinae. In a later

development, Guinot (1968b: 320, 325) de-

cided that Carpilius, Gardineria and Eur-

yozius should be placed in their own sub-

family, the Carpiliinae, in the Xanthidae.

Manning & Holthuis (1981:124), in a con-

cise discussion of the history and system-

atic problems associated with this genus,

left Euryozius in the Xanthidae sensu lato.

With the redefinition of the Xanthoidea by

Guinot (1978), all the above mentioned

subfamilies were raised to family status. In

the most recent discussion of Euryozius, the

genus was regarded as incerta sedis by

Crosnier (in Serene 1984:313).

The retention of Euryozius in Xanthidae,

Carpiliidae or Eriphiidae (a senior name for

Menippidae sensu Guinot 1978, fide Ng
1988) is not feasible. All members of the

Xanthidae (sensu Guinot 1978, Serene

1984) have male abdominal segments 3 to

5 completely fused, slender Gls and a short

G2 that is less than a quarter the length of

the G 1 ; characters very different from what

is known for Euryozius. Adult members of

Carpiliidae have male abdominal segments

3 and 4 fused and immovable, and the G2
is as long as or longer than the G 1 . Neither

can Euryozius be accomodated in Eriphi-

idae as all its members have a G2 which is

as least as long as the Gl.

Euryozius is certainly close to Pseudoz-

ius. In addition to their very similar cara-

pace appearance (smooth, ovate, with ill-

defined regions), members of both genera

have all seven male abdominal segments

(including telson) freely articulating; the

Gls relatively slender, gently sinuous, rel-

atively simple, with stiff, short spines lining

the distal half; and a G2 which is 0.2 to 0.3

times the length of the Gl. There is, how-

ever, little doubt that Euryozius and Pseu-

dozius are distinct genera, the prominent

stridulatory crest of the proximal part of the

anterolateral margin of Euryozius being

very diagnostic.

Ng & Wang ( 1 994) resurrected the Pseu-

doziinae Alcock, 1898, for Pseudozius, and

they also suggested that the genus Flinder-

soplax Davie, 1989, should also be referred

to this subfamily. They tentatively referred

Pseudoziinae to the Goneplacidae. Consid-

ering the number of shared characters be-

tween Euryozius and Pseudozius, it there-

fore seems logical to also refer the former,

as well as Flindersoplax, to the Pseudozi-

inae as well.

The placement of the Pseudoziinae in the

Goneplacidae is, however, very unsatisfac-

tory, its members very different from the

taxa now in the Goneplacidae (Ng et al.

2001:32, 33). In the form of the male ab-

domen, Gl and G2 structures, pseudoziines

are clearly not closely related to the other
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subfamilies now included in the Gonepla-

cidae (Goneplacinae, Euryplacinae, Carci-

noplacinae, Chasmocarcininae and Troglo-

placinae). One subfamily, Pseudorhombili-

nae, which has traditionally been placed in

the Goneplacidae (see Guinot 1971), was

recently recognized as a distinct family

(Hendrickx 1996). On the same rationale,

the unique suite of characters possessed by

Pseudozius, Flindersoplax and Euryozius as

noted above indicate that it is best to regard

Pseudoziinae as a distinct family as well. In

fact, Crosnier (in Serene 1984:301) had

commented that the late Raoul Serene

planned to establish a new family, Pseu-

doziidae, for Pseudozius, but his untimely

death had prevented this.

Ng et al. (2001:33) commented that with

"... regards to the Planopilumninae, the

type species of the type genus, Planopil-

umnus spongiosus (Nobili, 1905), is actu-

ally not a pilumnid at all but closer to go-

neplacids like the Pseudoziinae instead. The

genus Planopilumnus as currently under-

stood, is heterogeneous." The genus Plan-

opilumnus sensu stricto and the Planopil-

umninae Serene, 1984, should also be trans-

ferred to the Pseudoziidae. As the carapace

and pereiopod structures of Planopilumnus

sensu stricto, and Pseudozius, Flinderso-

plax and Euryozius, are very different, it

seems best to recognise two subfamilies

within the Pseudoziidae for now. In addi-

tion, the aberrant genus Platychelonion

Crosnier & Guinot, 1969 (type species Pla-

tychelonion plannissimum Crosnier &
Guinot, 1969), whose familial classification

is currently uncertain (Crosnier & Guinot

1969:726, 729, 730), should also be trans-

ferred to the Pseudoziidae as defined here.

The male abdomen of Platychelonion (all

segments freely articulating), a Gl that has

numerous short spines on the side, and a

short G2 (ca. 0.3-0.4 times total length of

Gl), are all pseudoziid characters. The gen-

eral form of Platychelonion actually resem-

bles Elindersoplax, although its carapace is

superficially similar to Planopilumnus. Pla-

tychelonion is here referred to the Pseudo-

ziinae.

Euryozius camachoi, new species

Figs. 1-3

Material examined.—Holotype: male,

24.3 X 15.8 mm, USC 2002.02, Balicasag

Island, Panglao, Bohol, Visayas, Philip-

pines, in tangle nets, 200-300 m, coll. local

shell fishermen, Dec 2000. Paratypes: 1

male, 25.6 X 16.4 mm, 1 female, 20.7 X
13.0 mm, ZRC 2001.334, same data as ho-

lotype; 1 dried male, 23.5 X 14.8 mm, ZRC
2001.342, Balicasag Island, Panglao, Boh-

ol, Visayas, Philippines, in tangle nets,

200-300 m, coll. local shell dealer, Dec
2001; 1 female, 25.0 X 15.8 mm, ZRC
2001.2325, Balicasag Island, Panglao, Boh-

ol, Visayas, Philippines, in tangle nets,

200-300 m, coll. local shell fishermen, 28

Nov 2001.

Description of holotype.—Carapace
transversely ovate, 1.53 times broader than

long; regions barely defined, grooves sep-

arating epigastric regions not clearly dis-

cernible; H-shaped gastric grooves separat-

ing cardiac and gastric regions very shal-

low, just discernible (Fig. la, b); dorsal sur-

face of carapace glabrous; frontal and
anterolateral regions and areas immediately

adjacent to them pitted and/or gently ru-

gose, rest of surface with scattered small

pits, smooth; postorbital and epigastric re-

gions barely discernible as slightly inflated

areas, without discernible cristae or gran-

ules (Fig. lb). Front bilobed, slightly pro-

duced anteriorly, margin extends well be-

yond level of orbits, slightly deflexed

downwards; each lobe gently convex, mar-

gin somewhat uneven with small, irregular-

ly arranged granules, with a low ridge just

behind it; lobes separated from each other

by shallow but distinct V-shaped cleft (Figs,

lb, 2a). Supraorbital margin uneven, lined

with scattered small granules of unequal

sizes, with 2 small but just discernible clefts

(Figs, lb, 2a, b). Infraorbital margin lined

with small and large rounded granules.
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Fig. 1. Euryozius camachoi. new species. Paratype male, 25.6 X 16.4 mm, ZRC 2001.334. a, overall view:

b, carapace; c, anterior part of thoracic sternum.
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Fig. 2. Euryozius camachoi, new species. Paratype male, 25.6 X 16.4 mm, ZRC 2001.334. a, front end of

carapace, showing antennules, antennae and third maxillipeds; b, left orbit and stridulatory anterolateral margin;

c, left chela.
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without spines or teeth (Fig. 2a, b). Orbits

transversely ovate; eyes small, cornea well

developed (Fig. 2a, b). External orbital an-

gle represented by small, acutely triangular

granuliform tooth; anterolateral margin

convex, clearly demarcated from gently

convex, strongly converging posterolateral

margin; with 2 relatively low, sharp teeth

on posterior third of margin, last tooth with

prominent submedian ridge which extends

partially into branchial region (Figs, la, b,

2a, b); margin before anterolateral teeth

lined with well developed stridulatory gran-

ules, each granule subrectangular, arranged

obliquely; proximal part of anterolateral

margin not meeting external orbital tooth

but curving downwards below orbit, across

suborbital region, stopping just before pter-

ygostomial region (Fig. 2a, b). Posterior

margin of carapace gently convex (Fig. la,

b). Suborbital and sub-branchial regions

covered with scattered, unevenly shaped

granules, gently rugose; suborbital region

with inner surface, behind stridulatory an-

terolateral margin, gently depressed (Fig.

2a). Pterygostomial region gently rugose.

Antennules folding transversely, antennular

fossae subrectangular (Fig. 2a). Antennal

flagellum well developed, flagellum extend-

ing just beyond outer edge of orbit; basal

segment rectangular, with subsequent arti-

cles lodged into relatively broad orbital hi-

atus but freely movable (Fig. 2a, b). Pos-

terior margin of epistome gently sinuous,

median lobe low, broadly triangular with

small median cleft (Fig. 2a). Endostome
with low oblique ridge on each side.

Outer surfaces of third maxilliped punc-

tate; ischium subrectangular, median oblique

sulcus barely discernible; merus sub-

quadrate, anteroexternal angle auriculiform;

carpus rounded, subpediform (Figs. 2a, Ic,

3b); exopod relatively stout, reaching an-

terior edge of merus, with rounded subdistal

tooth on inner margin, flagellum long (Fig.

3b).

Ambulatory legs relatively long, slender,

surfaces smooth, unarmed except for sub-

distal dorsal margin which may have a low

tooth or angle (Fig. la). Second ambulatory

leg longest. Dactylus styliform, slightly flat-

tened laterally, without spines or stiff setae.

Chelipeds asymmetrical, right larger;

outer surfaces of merus, carpus and chelae

smooth or at most with scattered small pits;

carpus longer than broad, inner distal angle

with prominent sublamelliform triangular

tooth which gradually extends posteriorly

as a low lamelliform plate (Fig. la); merus

smooth, unarmed. Fingers shorter than

palm, pigmented black throughout length,

outer surface with longitudinal rows of pits,

especially on smaller chela; cutting edges

of poUex with prominent teeth, that of larg-

er chela with prominent large sub-basal

tooth; cutting edges of dactylus with low

teeth or unarmed (Fig. 2c).

Thoracic sternum relatively broad, sur-

face gently rugose; suture between sternites

1 and 2 not discernible; suture between ster-

nites 2 and 3 distinct; deep suture and well

developed tranverse ridge between sternites

3 and 4 distinct marginally, medially dis-

cernible as shallow groove; sternite 4 broad,

with distinct but shallow longitudinal

groove which extends into abdominal cav-

ity (Fig. Ic, 3a); all subsequent sternites

separated medially by prominent longitu-

dinal groove; sternite 8 completely covered

by last male abdominal segment. Male gon-

opore coxal.

All abdominal segments freely movable,

not fused, smooth or gently pitted; seg-

ments 3—5 increasingly trapezoidal, seg-

ment 6 subrectangular, lateral margins gent-

ly concave; telson semicircular, with lateral

edges slightly produced laterally (Figs. Ic,

3d).

Gl long, relatively slender, gently sinu-

ous, margins of distal two-thirds with short

spines, tip subtruncate, opening vertically

(Fig. 3d, e). G2 about one-third length of

Gl, with spatuloid process, distal segment

relatively short (Fig. 3f).

Variation.—The carapace width to

length proportions of the four paratypes are

1.56 and 1.59 (male specimens), and 1.58

and 1.59 (female specimens), but other than
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Fig. 3. Euryozhis camachoi. new species. Paratype male, 25.6 X 16.4 mm, ZRC 2001.334. a, anterior part

of thoracic sternum; b, outer view of left third maxilliped; c, abdomen; d, dorsal view of left Gl; e, ventral

view of left Gl; f, dorsal view of left G2. Scales equal 5.0 mm (a-c), and 0.5 mm (d-f).
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this, they agree very well with the holotype

in all other non-sexual features. The male

holotype, which is slightly smaller than the

male paratypes, has a carapace ratio of 1.53.

On the basis of just five specimens, it is not

possible to determine if the carapace shows

any allometric growth.

Color.—Uniform light orangish to dark

red on all dorsal surfaces.

Etymology.—The authors take great plea-

sure in naming this species after Father

Florante Camacho, president of Divine

Word College in Bohol, and ex-president of

the University of San Carlos, for his enthu-

siastic help and support of the present

study.

Remarks.—Euryozius camachoi, new
species, is easily distinguished from its At-

lantic congeners by its relatively long and

slender ambulatory legs, a feature it shares

with the other two Indo-West Pacific spe-

cies, E. canorus and E. danielae.

From E. danielae, E. camachoi can easily

be distinguished by its less broad carapace

(width to length ratio 1.53-1.59 vs. 1.65 in

E. danielae), slightly smaller anterolateral

teeth, the more rounded anteroexternal an-

gle of the merus of the third maxilliped, and

the relatively wider suborbital region (cf.

Davie 1992:543, fig. 12, pi. 13). The types

of both species are comparable in sizes so

the differences discussed here (including

carapace ratios) are very unlikely to be age-

associated. The type and only known spec-

imen of E. danielae is 26.7 by 16.3 mm
while the holotype of E. camachoi is 24.3

by 15.8 mm.
From E. canorus, E. camachoi can be

distinguished by its relatively wider cara-

pace (width to length ratio 1.53-1.59 vs.

1.45 in E. canorus), the anterolateral teeth

being more prominent (vs. very low in E.

canorus), the proportionately longer and

more slender ambulatory legs, the frontal

margin being less distinctly deflexed down-
wards with the median cleft separating the

lobes distinct (vs. just discernible), and the

completely pigmented cheliped fingers (vs.

only distally) (cf. Rathbun 1911:182, pi. 19,

figs. 7, 8; Crosnier in Serene 1984:48A).

The type and only known specimen of E.

canorus, however, is a juvenile, measuring

only 1 1.2 by 7.7 mm, and some of the dif-

ferences discussed here may be due to size.

Nevertheless, the degree of the differences

strongly suggest that they are two distinct

species. Rathbun (1911:236) had originally

believed the type of E. canorus to be a

male, but subsequent studies (see Manning
& Holthuis 1981:124) have shown that it is

actually a young female.

The present specimens of E. camachoi

were obtained by shell-collectors for the

trade, using tangle nets set on the deep reef

slope at depths of 200 to 300 m. This is a

poorly explored habitat, not readily acces-

sible to SCUBA divers or trawlers, and may
explain the apparent rarity of specimens of

this genus. Euryozius canorus was collected

from a depth of 53 m while E. danielae was

caught in a trap set at 110 m depth.
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Abstract.—A new species of crab, Montezumella microporosa, is herein de-

scribed from three, nearly complete carapaces collected from the upper Eocene

Ocala Limestone of northern peninsular Florida. It is the first member of the

genus to be described from the Atlantic and Gulf Coastal plains of the United

States, and the fourth species of this extinct genus to be reported from North

America. This new discovery provides further evidence that Montezumella,

which originated in the Mediterranean during the middle Eocene, dispersed to

Europe and the western Atlantic by the late Eocene.

Brachyuran crabs in Eocene deposits of

Florida have not been well documented.

Only six species: Calappilia brooks i Ross

& Scolaro, 1964; Calappa ocalana (Ross et

al. 1964); Calappa robertsi Ross et al.,

1964; Stenocionops suwanneeana Rathbun,

1935; Ocalina floridana Rathbun, 1929;

and Paleocarpilius brodkorbi Lewis &
Ross, 1965 have thus far been described

from the upper Eocene Ocala Limestone

exposed in northwestern peninsular Florida,

and a small portion of the Florida panhan-

dle along the border of Georgia and Ala-

bama. Additionally, Lophoranina georgi-

ana (Rathbun 1935), described from the

lower Oligocene Glendon Limestone of

Georgia, was reported as occurring in the

Ocala Limestone of Florida by Toulmin

(1977). Although Toulmin's report with re-

gards to the genus is correct, further study

is needed to confirm his specific identifi-

cation of this common Florida Eocene crab.

Furthermore, a single specimen of Portu-

nus, collected in the middle Eocene Avon
Park Formation, was mentioned in Ivany et

al. (1990), however, no description or figure

was included.

Over the past several years intensive col-

lecting in Florida's Ocala Limestone expo-

sures, mostly at quarries and along river-

banks, has yielded a number of previously

unreported decapods. Herein, we describe

one of these newly discovered crabs which

represents the first Florida Eocene crab to

be described in over 35 years. The three,

nearly complete carapaces of this new spe-

cies were collected as spoil (float) from yet-

to-be crushed limestone boulders in a quar-

ry complex (see Fig. 1). None of the spec-

imens was found in situ and therefore exact

placement within the lower, middle, and up-

per portions of the Ocala Limestone was

not possible. All specimens were prepared

in the lab with dental picks and soft brush-

es. Once cleaned of adhered, soft, white

limestone matrix, the specimens were coat-

ed with a thin solution of Butvar 76 diluted

in acetone and then air-dried. Fossil crabs

collected in association with this new spe-

cies included the above-mentioned: Ocalina

floridana, Paleocarpilius brodkorbi. Lo-

phoranina sp. cf. L. georgiana, and Calap-

pilia brooksi.

For a detailed discussion of the Ocala

Limestone of Florida see Oyen & Portell

(2001).
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Fig. 1. Map of Florida showing type locality of Montezumella microporosa, new species, (Dickerson Lime-

rock Mines (Haile Complex), UF locality AL004, USA, Florida, Alachua County, sec. 13, 23-26, T9S, R17E;

Newberry Quadrangle, USGS 7.5' series (1988).

Systematic Paleontology

Order Decapoda Latreille, 1803

Superfamily Cancroidea Latreille, 1803

Family Cheiragonidae Ortmann, 1893

Genus Montezumella Rathbun, 1930

Type species.—Montezumella tubulata

Rathbun, 1930, by monotypy.

Range.—Middle Eocene to upper Oli-

gocene/lower Miocene.

Montezumella microporosa, new species

Fig. 2

Material examined.—The holotype (UF
107150), paratype A (UF 75034), and para-

type B (UF 103765) are dorsal carapaces

reposited in the Invertebrate Paleontology

Division, Florida Museum of Natural His-

tory (FLMNH), University of Florida (UF),

Gainesville.

Measurements.—The holotype (UF
107150), paratype A (UF 75034), and para-

type B (UF 103765) measurements (in mm)
are presented in Table 1.

Type locality.—\J¥ locality AL004,

Dickerson Limerock Mines (Haile Com-
plex), approximately 8.0 km northeast of

Newberry along State Road 235, near the

now defunct town of Haile, Alachua Coun-

ty, Florida (sec. 13, 23-26, T9S, R17E;

Newberry Quadrangle, USGS 7.5' series;

Fig. 1).

Diagnosis.—Carapace longer than wide,

rounded pentagonal; front wide, granulated,

with 4 spines; preorbital and postorbital

spines anteriorly directed; anterior dorsal

surface ornamented with granules; gastric

regions well defined by shallow grooves;

branchial regions with short transverse rows

of granules preceded by rows of minute

pores; anterolateral margins with 4 granu-

lated spines.

Description.—Carapace rounded pentag-

onal in outline, marginally longer than

wide, widest anterior to mid-length, mod-

erately arched longitudinally, more steeply

inclined anteriorly, almost flat in transverse

section. Gastric regions well defined by

broad, shallow grooves; surface ornament

with numerous, scattered, cratered granules



596 PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Fig. 2. Monteziimella microporosa, new species. A, dorsal carapace of holotype (UF 107150); B, enlarged

view of same exhibiting minute pores; C, dorsal view of paratype A (UF 75034); D. dorsal view of paratype B
(UF 103765). Scale bars = 1.0 cm.

Table 1.—Dorsal carapace measurements (mm) of type specimens of Montezitmella microporosa, new species.

Maximum length (L), maximum width (W), width of front (Wl), fronto-orbital width (W2). and posterior width

(W3).

Specimen W Wl W2 W3

Holotype (UF 107150) 36.5 36.2 16.4 27.1 20.5

Paratype A (UF 75034) 32.2 31.0 14.9 23.0 13.0

Paratype B (UF 103765) 21.6 21.0 8.2 LV3 10.0
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arranged in crowded clusters, short lines, or

singly; minute even-sized pores inter-

spersed with granules in small patches, or

singly; generally, 1 or 2 rows of pores con-

front any linear arrangement of granules.

Branchial regions less well defined; surface

ornament with short, curving rows of gran-

ules (generally 4-6), again confronted by

pores; granules overlap to form more or less

transverse terraces; 'terraces' particularly

sharp on branchial margin edges, where

they curve forward. On weakly concave

carapace sides, turned down almost at right

angles to dorsal surface, lines give way to

individual granules.

Front occupies median two-thirds of

fronto-orbital margin, about three-fourths

maximum carapace width, and projects

slightly beyond large, triangular, preorbital

spines. Front bilobed with broad, V-shaped

median notch which leads back to deep sul-

cus, bridged distally; short, median notch

and groove isolates this area; lateral to me-

dian notch, upper orbital margin bounded

by broader notch and groove; lobes be-

tween notches granulated. Oblique upper

orbital margin wide, raised, rounded; its

margin pierced by two notches separated by

triangular lobe; the smaller, postorbital

spine triangular. Post-frontal depression

broad with few granules. Anterolateral mar-

gins, short, curved, with 4 anteriorly curved

spines; posterolateral margins spineless,

converge in 2 weakly convex sections; pos-

terior margin, nearly as wide as front,

weakly concave centrally, bounded by
ridge.

Cervical groove curves sharply inwards

from margin, meets furrow separating pro-

togastric lobe from tumid, circular hepatic

region; turning back, it curves broadly

around mesogastric lobe base just anterior

to carapace midline. A short groove isolates

small, triangular epibranchial lobe; from
groove, branchiocardiac furrow runs sharp-

ly back before curving straight towards uro-

cardiac junction; a posterior branch em-
braces subpentagonal urogastric lobe and

anterior half of cardiac lobe. Protogastric

lobes, elongate, rounded-triangular, anteri-

orly divided by grooves into ovate 'epigas-

tric lobes' with small lateral node. Antero-

mesogastric process, narrows anteriorly, is

rounded isosceles triangle in outline, with

weakly concave sides and median furrow;

its tip reaches beyond 'epigastric lobes'.

Mesobranchial lobes vaguely trilobed; lat-

eral and median lobes rounded, larger; in-

ner, triangular lobe abuts urogastric lobe;

cardiac region rectangular anteriorly,

rounded-pentagonal basally; lunate node in-

serted between cardiac and metabrachial

lobes.

Etymology.—The species name refers to

the numerous minute pores comprising part

of the carapace ornament.

Discussion.—Montezumella microporosa

represents the first member of the genus to

be described from the Atlantic and Gulf

Coastal plains of North America. It not only

differs in carapace outline and frontal de-

tails from the only other known U.S. spe-

cies, Montezumella eichorni Schweitzer &
Salva, 2000 (late Eocene, Washington), but

also differs markedly with surface orna-

mentation. In M. eichorni, this is formed by

paired or triple granules composed into

short scabrous ridges continuous through-

out the carapace length; whereas in M. mi-

croporosa the ridges aire only fully devel-

oped on the branchial regions where they

form denser, longer rows of granules. Mon-
tezumella tubulata (late Eocene, Mexico)

lacks the post-frontal depression and differs

otherwise in surface ornament. The singular

arrangement of coarse granules also distin-

guishes Montezumella casayetensis Rath-

bun, 1937 (late Oligocene or early Mio-

cene, Panama) from the new species. Mon-
tezumella rutheni van Straelen, 1933 (late

Eocene, Bonaire) has a narrower frontal re-

gion and a much weaker branchiocardiac

furrow. The middle Eocene Montezumella

amenosi Via, 1959 (Spain) has a looser ar-

rangement of branchial ridges, while the

branchial ornament of Montezumella sea-

bra Quayle & Collins, 1981 (late Eocene,

England and Italy) has rather coarse orna-
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mentation unlike the new species. The pre-

served portion of Montezumella fraasi

L5renthey, 1909 (middle Eocene, Egypt) is

readily distinguished by a more or less sym-

metrical arrangement of individual tuber-

cules. Figures of Montezumella elegans

(L5renthey in Lbrenthey & Beurlen, 1929)

included by De Angeli (1995) among late

Eocene crabs from Vicenza, Italy provide a

clearer indication of ornament than that

provided by L5renthey in L5renthey &
Beurlen (1929). While the gastric regions

are crowded with more or less even-sized

tubercules, those on the metabranchial re-

gion are less sharp in contrast; short, linear

granular rows are formed, but are more

open, less regular, and sharper at the margin

edges; in the latter respect, close to M. mi-

croporosa. However, M. microporosa dif-

fers in having a longitudinally divided an-

terior process of the mesogastric lobe. No
comparisons to Montezumella lamiensis

Rathbun, 1934 (Neogene, Fiji) were made
because of the inadequate description and

poor illustration of the holotype and only

known specimen.

Schweitzer & Salva (2000) confirmed the

proposal of Via (1969, 1970), greatly ex-

panded by Quayle & Collins (1981), that

Montezumella originated in the Mediterra-

nean during the middle Eocene (M. fraasi)

and subsequently dispersed to Europe (M.

amenosi, M. elegans, and M. scabra), the

western Atlantic (M. rutheni and M. micro-

porosa), and Pacific region (M. tubulata

and M. eichhorni) by the late Eocene. The
only other known valid member of the ge-

nus, M. casayetensis, survived until late Ol-

igocene/early Miocene times.

Acknowledgments

Larry Rogers, Limestone Products, In-

corporated, Newbeiry, Florida kindly al-

lowed access to the limerock quarry in

which the new species of crab was discov-

ered. George Hecht (FLMNH) photo-

graphed the specimens in Fig. 2 and pro-

vided assistance in the field. Financial sup-

port for fieldwork and the production of this

paper was provided by the McGinty En-

dowment at the FLMNH. We especially

thank Barbara and Reed Toomey, and

James and Lori Toomey, for financial sup-

port to purchase field equipment that great-

ly enhanced our success of fossil collecting

in the Ocala Limestone of northern penin-

sular Florida. This is University of Florida

Contribution to Paleobiology 524.

Literature Cited

De Angeli, A. 1995. Crostacei dell'Eocene superiore

di "Frontanella" di Grancona (Vicenza—Italia

settentrionale). Studi e Ricerche, Associzione

Amici del Museo Civico "G. Zannato", Mon-
tecchio Maggiore (VI):7-24.

Ivany, L. C, R. W. Portell, & D. S. Jones. 1990. An-

imal-plant relationships and paleobiogeography

of an Eocene seagrass community from Flori-

da.—Palaios 5:244-258.

Latreille, P. A. 1803. Histoire naturelle, generale et par-

ticuliere, des crustaces et des insectes. F. Dufart,

Paris, 6:1-391.

Lewis, J. E., & A. Ross. 1965. Notes on the Eocene

Brachyura of Florida.—Quarterly Journal of the

Florida Academy of Sciences 28(3):233-244.

LGrenthey, I. 1909 (1908). Beitrage zur Kenntnis der

eozanen Decapodenfauna Aegyptens.—Mathe-

matische und naturwisenschaftliche Berichte

aus Ungarn 25:106-152.

, & K. Beurlen. 1929. Die fossilen Decapoden

der Lander der Ungarischen Krone.—Geologica

Hungarica, Series Palaeontologica 3: 420 pp.

Ortmann, A. E. 1893. Die Decapoden-Krebse des

Strassburger Museum. VII. Theil. Abtheilung:

Brachyura (Brachyura genuina Boas) II. Unter-

abtheilung: Cancroidea. 2. Section: Cancrinea,

1. Gruppe: Cyclometopa.—Zoologische Jahr-

biicher, Abtheilung fiir Systematic, Geographie

und Biologie der Thiere 7:41 1-495.

Oyen, C. W., & R. W. Portell. 2001. Diversity patterns

and biostratigraphy of Cenozoic echinoderms

from Florida.—Palaeogeography, Palaeoclima-

tology, Palaeoecology 166:193-218.

Quayle, W. J., & J. S. H. Collins. 1981. New Eocene

crabs from the Hampshire Basin.—Palaeontol-

ogy 24:733-758.

Rathbun, M. J. 1929. A new crab from the Eocene of

Florida.—Proceedings of the United States Na-

tional Museum 75(15):l-4.

. 1930. Fossil decapod crustaceans from Mex-

ico.—Proceedings of the United States National

Museum 78:1-10, pis. 1-6.

. 1934. Fossil decapod crustaceans from Vitil-



VOLUME 115, NUMBER 3 599

evu, Fiji. Pp. 238-241 in H. S. Ladd, ed.. Ge-

ology of Vitilevu, Fiji. Berniece P. Bishop Mu-
seum Bulletin 181, Honolulu, Hawaii.

. 1935. Fossil Crustacea of the Atlantic and

Gulf Coastal Plain.—Geological Society of

America Special Papers Number 2:1-160.

. 1937. Cretaceous and Tertiary crabs from

Panama and Colombia.—Journal of Paleontol-

ogy ll(l):26-28.

Ross, A., J. E. Lewis, & R. J. Scolaro. 1964. New
Eocene decapods from Florida.—Quarterly

Journal of the Florida Academy of Sciences

27(3):187-196.

, & R. J. Scolaro. 1964. A new crab from the

Eocene of Florida.—Quarterly Journal of the

Florida Academy of Sciences 27(2):97-106.

Schweitzer, C. E., & E. W. Salva. 2000. First recog-

nition of the Cheiragonidae (Decapoda) in the

fossil record and comparison of the family with

the Atelecyclidae.—Journal of Crustacean Bi-

ology 20(2):285-298.

Straelen, V., van. 1933. Sur des Crustaces decapodes

de I'eocene superieur de I'lle Bonaire.—Bulle-

tin du Musee Royal d'Histoire Naturelle de Bel-

gique 9(23), 4 pp.

Toulmin, L. D. 1977. Stratigraphic distribution of Pa-

leocene and Eocene fossils in the eastern Gulf

Coast region.—Geological Survey of Alabama

Monograph 13:1-602.

Via, L. 1959. Decapodos fosiles del Eoceno espaiiol.

—

Boletin Institute Geologico y Minero de Espana

70:331-402.

. 1969. Crustaceos decapodos del Eoceno es-

panol.—Pirineos 91-94:1-479, pis. 1-39.

. 1970. "Estudio paleontologico y bioestrati-

grafico de Montezumella amenosi, interesante

braquiuro (Atelecyclidae) del Eoceno Cata-

lan."—Acta Geologica Hispanica 1:12-18.



PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON
n5(3):600-604. 2002.

A new species of freshwater crab of the genus Potamocarcinus

H. Milne Edwards, 1853 (Crustacea: Decapoda: Brachyura:
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Abstract.—A new species of freshwater crab from Panama of the genus

Potamocarcinus H. Milne Edwards, P. lobulatus, is described and illustrated,

bringing to 11 the total number of known species in the genus. The new species

is distinguished from other congeners by the morphology of the male first

gonopod, especially the presence on the cephalic surface of a prominent and

wide distal lobe, and a deep, transverse depression narrowing the spermatic

channel.

The genus Potamocarcinus H. Milne Ed-

wards, 1853 of the Tribe Potamocarcinini

Ortmann, 1897, currently includes a group

of ten species distributed from Mexico to

northwestern Colombia (Rodriguez 1982,

1986, 1992; Prahl & Ramos 1987; Rodri-

guez & Hobbs 1989a, 1989b). Those spe-

cies are: P. leptomelus Rodriguez & Hobbs,

1989b, from Veracruz, Mexico; P. hart-

manni Pretzmann, 1975 from Tabasco,

Mexico; P. chajulensis Alvarez & Villalo-

bos, 1998 from Chiapas, Mexico; P. mag-

nus (Rathbun, 1896), from Chiapas, Mexi-

co, Guatemala, El Salvador, and Costa

Rica; P. zilchi (Bott, 1956) from El Salva-

dor; P. aspoeckorum (Pretzmann, 1968),

from southern Mexico and Honduras; P. ni-

caraguensis Rathbun, 1893, from Depart-

ment of Granada, Nicaragua; P. armatus H.

Milne Edwards, 1853 from Nicaragua, and

Guatemala; P. richmondi (Rathbun, 1893)

from Nicaragua, Costa Rica and Panama;

and P. colombiensis Prahl & Ramos, 1987

from Choco Department, Colombia. Rod-

riguez (1982) provided a diagnosis of Po-

tamocarcinus, and temporarily included P.

cliacei Pretzmann, 1967 in the genus. Sub-

sequently, Rodrfguez & Hobbs (1989a) re-

moved P. chacei from Potamocarcinus and

even the Potamocarcinini.

While studying specimens of freshwater

crabs in the collections of the National Mu-
seum of Natural History, Smithsonian In-

stitution, Washington D.C. (USNM), a new
species of Potamocarcinus from Panama
was discovered, bringing to 1 1 the total

number of species in this genus. Like other

species in the genus, this new species herein

described and illustrated, is characterized

primarily by the shape of the male first gon-

opod. Terminology for the male first gon-

opod is used according to Smalley (1964)

and Rodriguez (1982). The abbreviations cb

and cl indicate carapace breadth and cara-

pace length, respectively. Color nomencla-

ture follows Smithe (1975).

Family Pseudothelphusidae Rathbun, 1893

Tribe Potamocarcinini Ortmann, 1897

Genus Potamocarcinus

H. Milne Edwards, 1853

Potamocarcinus lobulatus, new species

Figs. 1, 2

Holotype.— 1 male, cl 25.00 mm, cb

37.20 mm, Gamboa, Panama, Atlantic
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drainage, 6 Jun 1969, leg. L. G. Abele,

USNM 1004157.

Type locality.—Gamboa, Panama, Atlan-

tic drainage.

Diagnosis.—First male gonopod with

mesial lobe folded over field of spines. Me-
sial process triangular, recurved caudoce-

phalically, with tip directed downward. Dis-

tal cephalic surface with deep transverse

depression narrowing spermatic channel,

and prominent, wide, distal lobe. Median

cephalic, subapical process with tip re-

curved caudally. Proximo-lateral process

button-like. Apex elongated mesolaterally.

Spermatic channel narrow, slit-like.

Description of holotype.—Carapace (Fig.

lA) with cervical groove nearly straight,

shallow, ending short distance before reach-

ing lateral margin. Anterolateral margin

with shallow depression behind external or-

bital angle; with 4 small, low tubercles be-

tween orbital angle cervical groove, and

about 15 teeth beyond cervical groove di-

minishing in size posteriorly. Postfrontal

lobes small, rounded, delimited anteriorly

by shallow, transverse depression; median

groove narrow, deep, with incision on up-

per margin of front. Surface of carapace in

front of postfrontal lobes flat. Upper border

of front almost straight, marked with row
of tubercles in frontal view, slightly bilobed

in dorsal view; lower margin sinuous in

frontal view; surface of front between upper

and lower borders high and slightly exca-

vated. Upper and lower orbital margins

each with row of small tubercles. Surface

of carapace covered with small papillae;

limits between regions weakly demarcated.

Third maxilliped (Fig. IB) with merus of

endognath regularly curved, with shallow

depression on distal part of external margin;

exognath approximately 0.54 times length

of ischium.

First pereopods heterochelous, left che-

liped larger than the right. Merus with 3

longitudinal crests as follows: upper one

with rows of tubercles, internal lower one

with row of teeth, and external lower one

with row of tubercles. Carpus with 5 tuber-

cles on internal crest, and prominent acute

spine distally. Chelae (Fig. IC) of both che-

lipeds with palms smooth, somewhat swol-

len; fingers not gaping when closed, tips

crossing, surfaces with rows of minute tu-

bercles.

Walking legs (pereopods 2-5) slender

(Fig. lA). Dactyls each with papillae and 5

longitudinal rows of large spines diminish-

ing in size proximally. Number of spines

and papillae on each dactyl arranged as fol-

lows: 1 anterolateral row and 1 anteroven-

tral row each with 6 spines; 1 external row

with 5 spines and 1 pair of proximal papil-

lae; 1 posterolateral row with 5 spines and

1 posteroventral row with 4 spines.

First male gonopod (Fig. 2) straight,

slightly expanded laterally at midpoint in

caudal view; with rows of conspicuous se-

tae on distal portion of mesial margin and

scattered short setae on lateral margin. Cau-

dal lobe (Fig. 2 E,3) rudimentary. Mesial

lobe (Fig. 2 E,2) folded over field of spines.

Mesial process (Fig. 2 F,l) triangular, re-

curved caudocephalically, with tip directed

downward. Distal cephalic surface with

deep transverse depression (Fig. 2 F,4) nar-

rowing spermatic channel; distal cephalic

lobe (Fig. 2 F,5) prominent, wide; median

cephalic, subapical process (Fig. 2 F,6) with

distal portion recurved caudally, and me-
dian incision; proximo-lateral process (Fig.

2 F,7) button-like. Apex elongated mesola-

terally. Spermatic channel (Fig. 2E) narrow,

slit-like.

Color.—Preserved in alcohol, the holo-

type is light brown (near 12 IB, Brussels

Brown) with pale brown (Verona Brown,

223B) specks on the dorsal side of the car-

apace. The walking legs and chelipeds are

cinnamon brown (near True cinnamon, 1 39)

dorsally and ventrally. The ventral surface

of the carapace is buffy-brown (Sayal

Brown, 223C).

Etymology.—The specific name is de-

rived from the Greek lobos, a rounded pro-

jection or protuberance. The name refers to

the presence of a distal cephalic lobe on the

cephalic surface of the male first gonopod.
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Fig. 1. Potamocarcinus lolmlatus. new species, male holotype, USNM 1004157: A, carapace and left pe-

reopods, dorsal view; B, left third maxilliped, external view; C, left cheliped, external view.
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mm

Fig. 2. Potamocarcinus lobulatus, new species, male holotype, USNM 1004157: A, left first gonopod, caudal
view; B, same, lateral view; C, same, cephalic view; D, same, mesial view; E, same, apex, distal view; F, same,
cephalo-lateral view. 1, mesial process; 2, mesial lobe; 3, caudal lobe; 4, transverse depression; 5, distal cephalic

lobe; 6, median cephalic, subapical process; 7, proximo-lateral process.
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a distinguishing characteristic of this new
species.

Remarks.—This new species is most

similar to Potamocarcinus richmondi. The

two can be distinguished by features of the

male first gonopod. The male first gonopod

of P. richmondi has been described and il-

lustrated by Rodriguez (1982:114, fig. 73).

The mesial process is not as conspicuously

recurved in the new species P. lobulatus as

in P. richmondi. In P. lobulatus the ce-

phalic surface has a prominent, wide, distal

cephalic lobe (Fig. 2 F,5); a median process

(Fig. 2 F,6) with a small incision at mid-

point and a distal end recurved caudally;

and a button-like proximo-lateral process

(Fig. 2 F,7). In contrast, the cephalic surface

in P. richmondi has two sharp teeth sepa-

rated by a wide gap, and a small angled

proximal process. The distal cephalic sur-

face in P. lobulatus has a deep transverse

depression (Fig. 2 F,4) that narrows the

spermatic channel, whereas no depression

is present in P. richmondi.
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Abstract.—Adult and larvae of the majid crab Pyromaia tuberculata (Lock-

ington) are reported for the first time from the Argentine continental shelf

(38°21'S; 57°38'W). Males and ovigerous females were collected on oyster and

mussel beds at 50 m depth. Zoeae and megalopae of P. tuberculata were also

collected in plankton samples from Argentine coast (35°53' to 37°55'S, 56°03'

to 57°24'W). The geographical range of P. tuberculata previously included the

Pacific Ocean, and only Brazilian waters in the Atlantic.

The spider crab Pyromaia tuberculata

(Lockington, 1877), originally described

from San Diego, U.S.A., is now known to

range in the eastern Pacific, from Mexico

to Colombia (Rathbun 1925, Garth 1958).

It was introduced in the western Pacific and

New Zealand (Carlton 1987, Morgan 1990,

Furota 1996a). The first record in the west-

ern Atlantic was by Melo et al. (1989) for

southern Brazil, from Rio de Janeiro to Pa-

rana. The zoeal morphology of P. tuber-

culata was described based on Pacific spec-

imens by Webber & Wear (1981) and Ter-

ada (1983), and the complete larval devel-

opment based on Atlantic specimens by

Fransozo & Negreiros-Fransozo (1997).

The life cycle of P. tuberculata was studied

in a polluted area of Tokyo Bay by Furota

(1996a, 1996b). The familial classification

and definition of Pyromaia, and the distri-

bution of the six species known in this ge-

nus were recently reviewed by Lemaitre et

al. (2001, and note added proof), who pro-

vided a key to the identification of five of

the species. Since the familial and subfa-

milial classification of Pyromaia are still

controversial (see Lemaitre et al. 2001), we
decided to use the superfamilial classifica-

tion (Majoidea) in the tittle of this article,

with no reference to the familial or subfa-

milial status.

In the present study we document for the

first time the presence of adult and larvae

of Pyromaia tuberculata in the Argentine

continental shelf.

Materials and Methods

Adult males {n — ?>) and ovigerous fe-

males {n — 3) of Pyromaia tuberculata

were collected using the BIP Capitdn Cd-

nepa (Instituto Nacional de Investigacion y
Desarrollo Pesquero, Argentina) on the

continental shelf (38°21'S, 57°38'W, Fig. 1)

on 25 September 2000 at a depth of 50 m.

Samples were obtained with a dredge. Ad-

ditional specimens of Pyromaia tuberculata
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LONGITUDE
Fig. 1. Localities at which larvae (zoeae and megalopae, circles) and adults (triangles) of Pyromaia tuber-

culata were collected in the Argentine continental shelf. Arrows indicate higher larval density sites.

were obtained subsequently in the same
area. The maximum length (CL) and width

(CW) of carapace and length of rostrum

(LR) measured ventrally, from the insertion

of antennulae to tip of rostrum, were ob-

tained using a vernier caliper and a stereo-

microscope furnished with a micrometer

eyepiece (6.7 X).

Larvae were obtained from coastal

plankton samples collected using the BIP
Capitdn Cdnepa in October, November and

December 1999, and February 2000, at 18

fixed stations, from 35°53' to 37°55'S, and

from 56°03' to 57°24'W (Fig. 1). Plankton

samples were collected with a Hydro-bios

multinet (diameter, 0.5 m; 300 jjim mesh) at

different depths (1 to 17 m). The volume of

filtered water was calculated on the basis of

ship speed and trawling time. Water tem-

perature and salinity were measured with a

CTD. Samples were preserved in 4% for-

maldehide solution prepared with sea water

The following measurements were taken of

the larvae: carapace length of zoea I and II,

carapace length and width of megalopae.

Pyromaia tuberciilata (Lockington, 1877)

Material examined.—Atlantic Ocean.

38°2rS. 57°38'W, 50 m, 25 Sep 2000, coll



VOLUME 115, NUMBER 3 607

L. Schejter: 3 6 6 , CL: 7.8-15.6 mm, RL:

1.2-2.6 mm, CW: 6.5-12.3 mm, 3 ? ? CL:

10.5-12.8 mm, RL: 1.5-1.7 mm, CW: 7.8-

9.8 mm.—From 35°53' to 37°55'S and from
56°03' to 57°24'W, 235 zoeae I, 227 zoeae

II, and 622 megalopae.—23°27'S, 45°02'W,

Bay of Ubatuba, Sao Paulo, Brasil, Feb.

2000, 1 dd CL: 19.2 mm, RL: 3.2 mm,
CW: 13.9 mm, 2 9 9 CL: 13.5-19.1 mm,
RL: 2.3-3.3 mm, CW 9.6-13.5 mm.

Other material examined.—Zoeae I, zo-

eae II, and megalopae reared in the labo-

ratory by T. Luppi from 1 ovigerous female

collected on 25 Sep 2000 (38°21'S,

57°38'W); hatching 4 Oct 2000.—Zoeae I,

zoeae II, and megalopae reared in the lab-

oratory by A. Fransozo, M.L. Negreiros

Fransozo and F. Marques from Ubatuba fe-

males, deposited in the collections of the

Grupo de Estudos em Biologia, Ecologia e

Cultivo de Crustaceos (NEBECC), numbers

#00077, 00093, 00093, respectively.

Remarks on morphology of adults.—
Adults showed most of the diagnostic char-

acters described by Rathbun (1925:133),

Garth (1958:87) and Hendrickx (1999:78).

The sternal view of male first pleopod tips

agreed with the illustrations by Garth

(1958:513, pi E., fig. 7), and Lemaitre et al.

(2001:766, fig 5e).

Other observed characteristics were: sur-

face of carapace granulate and tuberculate,

pubescent, often with epibionts; first ab-

dominal segment with a short spine, point-

ing backward; third maxilliped, chelipeds

and abdomen of both sexes granulate, as

well as the sternum of males; most of the

inner part of cheliped propodus and dacty-

lus with a row of piramidal teeth; dactyls

of walking legs spinulose. Although there

are median tubercles on the cardiac and in-

testinal regions of the carapace, a third, gas-

tric tubercle, is absent.

The ratios between carapace and rostrum

length and between carapace length and

width were 6.83 ± 0.54 and 1.28 ± 0.06

(Argentine specimens, n = 6), and 5.87 ±
0.11 and 1.40 ± 0.02 (Brazilian specimens,

n — ?)). The ratios of northern Pacific spec-

imens, calculated from Garth's (1958:89)

data, were 6.28 and 1.28 for a male, and

23.50 and 1.10 for another male, larger, but

with a relatively shorter rostrum. A linear

relationship between and between CL and

CW {ANOVA, F = 79.5, p < 0.0001) was

observed when all available data (from

Brasil, Argentina, and Garth 1958) were

pooled (Fig. 2). Although CL and RL were

not significantly related {ANOVA, F = 4.66,

p = 0.0592), the power of the test was be-

low that desired (0.4727, a = 0.05), and

this negative finding should be interpreted

cautiously.

Habitat of adults.—The bottom was
characterized by oyster (Ostrea puelchana)

and mussel (Mytilus edulis) beds. Other

brachyuran crab species found were the ma-

jids Collodes rostratus A. Milne-Edwards,

Leucippa pentagona H. Milne Edwards,

and Rochinia gracilipes A. Milne-Edwards,

the xanthid Pilumnoides hassleri A. Milne-

Edwards, and the portunid Coenophthalmus

tridentatus A. Milne-Edwards.

Remarks on morphology of larvae.—
Some zoeae and megalopae found in plank-

ton samples collected in coastal argentine

waters were identified as Pyromaia tuber-

culata, after a comparison with laboratory

reared larvae from Argentina and Ubatuba

(Brazil). They had a similar morphology as

that described by Fransozo & Negreiros-

Fransozo (1997).

The carapace length of zoeae I and II

(highest density sites. Table 1) were 0.68 ±
0.03 mm and 0.98 ± 0.03 mm, respectively

{n = 10). The carapaces of megalopae mea-

sured 1.27 ± 0.04 mm (length), and 0.95 ±
0.05 mm (width; n = 15). The ratio be-

tween length and width was 0.74.

Habitat of larvae.—Larvae were collect-

ed in coastal waters with temperatures rang-

ing from 11.6°C (October) to 24.6°C (Feb-

ruary), and salinities ranging from 14.4 to

34.0 PSU. The lowest sahnities (<20 PSU)
were registered in superficial waters (<4 m)
near the Rio de la Plata estuary. Most lar-

vae were collected during October (71% of

all zoeae and 49% of all megalopae) and
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November (18% and 45%, respectively)

cruises. The highest density of both zoeae

and megalopae was observed in two estu-

arine sites on 17 and 18 November 1999

(Fig. 1). The depth of collection and the

environmental conditions of the highest

density samples are summarized in Table 1

.

Discussion

The Decapod Crustaceans of Argentine

coastal waters have been carefully studied

by Boschi (1964, 2000) and Boschi et al.

(1992). However, P. tuberculata had not

been reported in this region until this study.

Table 1.

—

Pyromaia tuberculata larvae collected in the field. Environmental conditions of the highest density

sites (17 and 18 November 1999).

Longitude Latitude
Boltom
(m)

Temperature
(°C)

Salinity

(psu)

Depth
(m)

Density
(zoeae/m') t megalopac/ni ')

56°37'25" 36°14'49" 15 19 14.84 2.1 0.28 0.13

17.93 20.33 6.3 0.41 0.61

16.66 29.21 10 0,13 0.25

56°30'14" 36°10'22" 18 19.32 16.33 2.7 0.11 0.01

17.99 26.91 9.2 0.25 0.11

16.99 29.87 15.2 0.07
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This Majid species has been considered an

invasive species, since it has colonizated

East Asia and New Zealand waters (see Fu-

rota 1996a). It is possible that P. tubercu-

lata may have recently been introduced to

Argentine waters from the Pacific through

larvae in ship ballast water, or by natural

dispersion from Brazilian populations. In

the latter case, larvae would have been

transported by coastal currents passing

through an important biogeographical bar-

rier: the huge estuary of the Rio de la Plata

(Spivak 1997, Mianzan et al. 2001). The
discharge of this river during the last 30

years shows a periodic minimum each 3 or

4 years (Mianzan et al. 2001). These au-

thors stated that literature reports on the

presence of south Brazilian organisms as far

as 38°S, "seem to be in phase with those

minimum discharge events" and reported a

pronounced discharge decrease fron Janu-

ary to April 2000 (Mianzan et al. 2001).

Recently, other crabs not known further

south than Brasil, such as Arenaeus cri-

brarius, have been reported in Argentine

waters (Scelzo 2001).

The ratio between carapace length and

width was similar in specimens from Ar-

gentina, Brasil, and the subspecies de-

scribed by Garth (1958) as Pyromaia tub-

erculata mexicana and P. tuberculata tub-

erculata. The ratio between carapace and

rostrum length was used by Garth (1958) to

distinguish P. t. mexicana, characterized by

a shorter rostrum, from P. t. tuberculata.

Later, Hendrickx (1990, 1999) synony-

mized both subspecies on the basis of >800
specimens collected in the Gulf of Califor-

nia. Data from Argentina and Brasil agreed

with those P. tuberculata with longer ros-

trum {P. t. tuberculata sensu Garth 1958).

However, it is also possible that the relative

decrease of rostrum length may be due to

allometric growth or wear of the rostrum

tip.
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A new shrimp species of Plesionika Bate, 1888 with high basal

rostral crest (Crustacea: Decapoda: Pandalidae) from Taiwan

Tin-Yam Chan and Shiz-Chang Chuang

Institute of Marine Biology, National Taiwan Ocean University, Keelung 202, Taiwan, R.O.C.

Abstract.—A new shrimp species of the genus Plesionika Bate, 1888 is

described based on specimens collected in deep-water off eastern Taiwan. The
new species, P. albocristata, can be readily distinguished from other species

of the genus by bearing a high basal rostral crest, having the second pereiopods

subequal, and the telson bearing four pairs of dorsolateral spines. A brief dis-

cussion on the affinities of this new species is given.

Shrimps of the genus Plesionika Bate,

1888 are common' and diverse in the catch-

es of deep-sea commercial trawlers in Tai-

wan. However, reports on the species of this

genus from Taiwan are scattered (Chan &
Yu 1991, 2000; Chan & Crosnier 1991,

1997; Chan, in press) mainly due to the

confusing taxonomy in many species of this

large genus which contains at least 80 spe-

cies (Chan & Yu 2000). Although a more

extensive account of the Plesionika fauna

of Taiwan is still in preparation, one of the

species found is very unique and worthy of

reporting promptly to provide a better un-

derstanding of the morphological diversity

in this taxonomically complicated genus.

The new species described herein has a

high basal rostral crest. At present, only two

known Plesionika species, namely P. ros-

tricrescentis (Bate, 1888) and P. lophotes

Chace, 1985, have high basal rostral crests.

Plesionika rostricrescentis and P. lophotes

are very similar but the new species differs

from these in important characters; such as

pereiopods II being subequal, and the telson

bearing four pairs of dorsolateral spines.

The affinities of the new species are unclear

though it appears to be closer to P. carsini

Crosnier, 1986 and P. poupini Chan &
Crosnier, 1997 than to other known species

of the genus.

The specimens are deposited at the Na-

tional Taiwan Ocean University (NTOU)
and the National Museum of Natural Sci-

ence, Taichung (NMNS). The measurement

used is carapace length (cl), measured dor-

sally from the orbital margin to the poste-

rior margin of the carapace.

Plesionika albocristata, new species

Figs. 1, 2

Holotype.— $ ovig. cl 22.0 mm, Taiwan,

NE coast, Su-Aou fishing port, I-Lan Coun-

ty, commercial trawlers, about 350 m, 12

Mar 1997, NTOU H-1997-3-12.

Paratypes.—Taiwan, NE coast, Su-Aou
fishing port, I-Lan County, commercial

trawlers, about 350 m: 3 c? cl 17.6-19.1

mm, 2 ? ovig. cl 16.1 and 18.7 mm, 5 5

cl 16.2-21.1 mm, 6 Aug 1996, NTOU P-

1996-8-6 (transferred to NMNS); 3 c? cl

17.4-20 mm, 2 $ ovig. cl 17.8, 20.3 mm,
12 Mar 1997, NTOU P- 1997-3- 12; 1 S cl

18.8 mm, 1 5 ovig. cl 21.3 mm, 28 May
1997, NTOU P- 1997-5-28; 1 6 cl 15.6 mm,
5 Dec 1997, NTOU P- 1997- 12-5.—TAI-
WAN 2000, RA^ Fisheries Research 1, stn

DW 45, 22°48.3'N, 12r27.4'E, waren
dredge, 423 m, 2 Aug 2000: 1 9 cl 12.5

mm, NTOU P-2000-8-2.

Description.—Body robust. Rostrum
with lateral carina strong in basal 0.3 sec-

tion and more or less continuous with or-

bital margin; basal part broad and nearly
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Fig. L Plesionika albocristata. new species, all in lateral views, a, e, holotype ? ovig. cl 22.0 mm. NTOU
H-1997-3-12; b, paratype 9 cl 12.5 mm, NTOU P-2000-8-2; c-d, paratype 9 ovig. cl 17.8 mm, NTOU P-I997-

3-12: a-b, carapace; c, propodus and dactylus of pereiopod III, setae omitted; d, dactylus of pereiopod III; e,

posterior abdomen and tailfan. Scales equal 5 mm.

horizontal, becoming narrow and curving

upwards beyond antennular peduncle; over-

reaching scaphocerite and 1.2-1.4 times as

long as carapace; anterodorsal carapace and

basal part of rostrum above orbit strongly

elevated and crest-like (higher in large

specimens), basal rostral crest beainng 2

large lamellate fixed teeth (posterior larg-
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est) and rather horizontal row of 7 or 8

(rarely 9) densely packed small movable

teeth, all movable teeth situated posterior to

orbital margin, other part of dorsal border

of rostrum generally devoid of tooth; ven-

tral border of rostrum evenly distributed

with 9-13 teeth, those near tip sometimes

small and indistinct (Fig. la). Orbital mar-

gin with upper lobe feebly convex and in-

clined forwards dorsally, middle part regu-

larly concave, lower lobe slightly convex.

Eye subglobular and bearing distinct ocel-

lus. Antennal spine well developed. Ptery-

gostomian spine small but distinct. Stylo-

cerite tapered distally, nearly horizontal and

slightly folded laterally, extending to about

middle of second segment of antennular pe-

duncle. Scaphocerite 3.4-4.1 times as long

as broad, distolateral tooth more or less

reaching distal margin of lamella. Basicerite

spine moderately long and extending to

around proximal end of outer margin of

scaphocerite.

Maxilliped III bearing well developed

epipod and long strip-like exopod, penulti-

mate segment 0.8-0.9 times as long as dis-

tal segment, overreaching scaphocerite by

half to nearly entire length of distal seg-

ment. Anterior four pereiopods bearing well

developed epipods, pereiopod V without

epipod. Pereiopod I exceeding scaphocerite

by 0.3 length of carpus and chela or by che-

la only. Pereiopods II subequal, bearing

19-24 (often 20-22) carpal articles, ex-

ceeding scaphocerite by 0.2 to very short

length of carpus and entire chela. Pereiopod

III overreaching scaphocerite by almost en-

tire carpus as well as other distal segments;

propodus 0.5-0.6 times as long as carapace,

dorsally with row of long setae and ven-

trally having 2 rows of dense spinules and

setae; dactylus conical and short, about 0.1

times as long as propodus (Fig. Ic), poste-

rior margin lacking spines, accessory spine

about half as long as and separated from

terminal spine (Fig. Id); tips of both pro-

podus and dactylus bearing tufts of long se-

tae, those of propodus as long as and cov-

ering dactylus. Pereiopods IV and V similar

to pereiopod III, former overreaching sca-

phocerite by 0.6 to 0.8 carpus, latter ex-

ceeding scaphocerite by 0.3-0.5 carpus as

well as other distal segments.

Abdominal somite III weakly arched dor-

sally, posterior margin convex. Both ab-

dominal pleura IV and V generally bearing

distinct posteroventral denticle. Abdominal

somite VI 1.8-2.1 times as long as deep.

Telson 1.1-1.3 times longer than abdominal

somite VI, usually bearing 4 pairs of dor-

solateral spines and 3 pairs of terminal

spines (Fig. le). Eggs without visible eyes

suboval and about 0.4 mm in diameter.

Coloration (Fig. 2).—Carapace orange-

red and with anterior margin deep red. Ros-

trum and basal rostral crest whitish. Eyes

black-brown. Scaphocerite, antennular and

antennal peduncles whitish but base of an-

tenna deep red. Antennular and antennal

flagella orange. Maxilliped III reddish but

with distal part of distal third, penultimate

and basal part of distal segments whitish.

Pereiopods red and white. Abdomen scat-

tered with orange-red pigments except ab-

dominal somite VI entirely orange-red.

Tailfan whitish and with distal parts of uro-

pods sometimes orange-red. Pleopods pale

pink. Eggs orange-red.

Size.—Males cl 15.6-20.0 mm; females

cl 12.5-22.0 mm; ovigerous females cl

16.1-22.0 mm.
Remarks.—The high basal rostral crest of

Plesionika albocristata, new species, can be

readily separated from all other Plesionika

species except P. rostricresentis and P. lo-

photes. Plesionika rostricresentis and P. lo-

photes also have a high basal rostral crest

but they differ from P. albocristata in bear-

ing only three pairs of dorsolateral spines

on the telson and having the second pair of

pereiopods very unequal. It may need to

point out that recently many new forms are

discovered in the "R rostricresentis—P. lo-

photes'" species complex (Chan, in press).

Other than the differences mentioned
above, P. albocristata differs considerably

from the "P. rostricresentis—P. lophotes"

species complex in lacking subapical dorsal
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Fig. 2. Plesionika albocristata, new species, Taiwan, NE coast, Su-Aou fishing port, about 350 m, holotype

2 ovig. cl 22.0 mm, NTOU H- 1997-3- 12.

rostral teeth, having longer abdominal so-

mite VI, abdominal somite III only weakly

arched dorsally, the orbital margin and the

dactyli of the posterior three pereiopods

having a different shape.

The development of the basal rostral

crest is related to the size of the specimens

in Plesionika albocristata, with larger spec-

imens having a higher basal rostral crest

(Fig. la). In specimens smaller than cl 17

mm, the basal rostral crest is low though

the anterior two fixed teeth are still large

and lamellate (Fig. lb). In contrast, sexual

dimorphism in the height of the basal ros-

tral crest is slight and only with the basal

part of the rostrum somewhat directed more
downwards in males.

The dorsal margin of the rostrum anterior

to the two large teeth on the basal rostral

crest is usually devoid of teeth in this spe-

cies. Only in one specimen (? ovig. cl 16.1

mm) there is a small dorsal denticle near

the tip of the rostrum, and this is probably

an abnormal condition. Moreover, the tel-

son generally bears four pairs of dorsolat-

eral spines but in two specimens there are

five pairs of spines.

If not considering the high basal rostral

crest, the general appearance of Plesionika

albocristata shows some resemblances with

P. carsini and P. poupini. Nevertheless, the

presence of only two dorsal rostral teeth,

the longer abdominal somite VI, the shorter

propodi and the different dactylus shape of

the posterior three pereiopods seem suffi-

ciently preventing P. albocristata from

grouping with P. carsini and P. poupini.

The exact affinity of P. albocristata in the

genus remains mostly unclear.

Etymology.—The proposed name albo-

cristata, means "white crested", as Latin

crista meaning "tuft, comb, or plume" is

the noun; the adjectival form cristata means

"crested".

Distribution.—So far only known from

eastern Taiwan, at depths of about 350 to

423 m.
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Abstract.—Desmostylis gerdesi, a new species, was sampled in the Southern

Ocean, Weddell Sea, off Kapp Norvegia at a depth 238 m from board of the

RA^ Polarstern in February of 1996. The new species differs from the only

other species of Desmostylis, D. obscurus Brandt, 1992b, by its pleotelson,

whose lateral margins do not bear sensory setae, which are present in D. ob-

scurus, much longer uropods, a longer uropodal sympodite and a stronger se-

tation on pereopods. Moreover, the mandibular incisors have no teeth in D.

obscurus, while these bear two to three teeth in D. gerdesi, and mandibular

molar of D. gerdesi also bears more setae than that of D. obscurus.

The family Macrostylidae was estab-

lished by Hansen in 1916 for a group of

deep-sea specialized Asellota. Today the

Macrostylidae include only 2 species of

Desmostylis (Table 1), while many species

of Macrostylis were described (e.g., Me-

zhov 1992, 1993, 1999, 2000; Menzies

1962).

During the expedition ANT XIII-3 from

board of the R/V Polarstern in February of

1996 two specimens belonging to the genus

Desmostylis were sorted from samples of a

depth of 238 m. These belong to a new spe-

cies of Desmostylis, of which an illustrated

description is presented in this paper.

While the genus Macrostylis is distrib-

uted world wide, especially in the deep sea

(Table 1), the new species of Desmostylis

might demonstrate polar emergence, it has

only been found on the Antarctic continen-

tal shelf until now. Of the genus Macro-

stylis only Macrostylis longiremis (Meinert,

1890), M. spinifera Sars, 1864, and M. po-

laris Malyutina & Kussakin, 1996, were

sampled in shallow water on the continental

shelf, but in European Northern Seas or in

the Arctic Ocean, all other species of Ma-
crostylis occur in the deep sea (Table 1).

Methods

During the expedition ANT XIII-3 with

R/V Polarstern, samples were taken by

means of a multiple-box corer by Dr. D.

Gerdes. The material was sorted on deck or

later with a Wild M5 dissecting microscope

from samples, fixed in formalin (4%) and

later transferred into ethanol (70%). The

taxonomic drawings were prepared using a

Leica MZ12 stereomicroscope equipped

with a camera lucida, after dissection, ap-

pendages were illustrated using a Zeiss

compound microscope, which was also

equipped with a camera lucida. Measure-

ments and terminology were made accord-

ing to Brandt (1988, 1992a), Wilson & Mes-

sier (1980), Wilson (1989).

Specimens are deposited in the Zoologi-

cal Museum of Hamburg.

Abbreviations used in text and figures:

Al, antennula; A2, antenna; IMd, left man-

dible; MBC, multiple-box corer; Mxl, max-

illula; Mx2, maxilla; Mxp, maxilliped; Pl-

7, pereopod—7; Pip 1-5, pleopod 1-5;

iMd, right mandible; Tel, Telson; Uip. uro-

pod; ZMH, Zoological Museum of Ham-
burg.
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Table 1.—Species list and distribution of the Macrostylidae Hansen, 1916 illustrating that Desmostylis has

only been reported in the Antarctic until now, whereas Macrostylis is distributed world wide.

Locality Depth (m)

Desmostylis Brandt, 1992b

obscurus Brandt, 1992b

gerdesi sp. nov.

Macrostylis G. O. Sars, 1864

abyssicola Hansen, 1916

qffinis Birstein, 1963

amplinexa Mezhov, 1989b

angulata Mezhov, 1999

belyaevi Mezhov, 1989a

bifurcatus Menzies, 1962

bipunctatus Menzies, 1962

birsteini Mezhov, 1993

capita Mezhov, 1989b

caribbicus Menzies, 1962

carinifera carinifera Mezhov, 1988

carinifera dilatata Mezhov, 1988

compactus Birstein, 1963

curticornis Birstein, 1963

elongata Hansen, 1916

emarginata Mezhov, 2000

foveata Mezhov, 2000

galatheae Wolff, 1956

gestuosa Mezhov, 1993

hadalis Wolff, 1956

hirsuticaudis Menzies, 1962

latifrons Beddard, 1886

longifera Menzies & George, 1972

longipes Hansen, 1916

longiremis (Meinert, 1890)

longissima Mezhov, 1981

longiuscula Mezhov, 1981

longula Birstein, 1970

magnifica Wolff, 1962

mariana Mezhov, 1993

minutus Menzies, 1962

polaris Malyutina & Kussakin, 1996

porrecta Mezhov, 1988

rectangulata Mezhov, 1989b

reticulata Birstein, 1963

sarsi Brandt, 1992b

setifer Menzies, 1962

setulosa Mezhov, 1992

spiniceps Barnard, 1920

spinifera G. O. Sars, 1864

squalida Mezhov, 2000

strigosa Mezhov, 1999

subinermis Hansen, 1916

truncatex Menzies, 1962

tumulosa Mezhov, 1989

urceolata Mezhov, 1989b

vemae Menzies, 1962

vigorata Mezhov, 1999

Antarctic, Maud Rise 4335

Antarctic, Weddell Sea 238

Davis Strait 698-3921

NW Pacific 4690-5554

Indian Ocean 2385^221
NE Atlantic 5420-6051

N Pacific 8540-8780

SE Atlantic 4588-4960

SW Atlantic 3954-5024

South Pacific >2000

Indian Ocean 2218^737
Caribbean, Colombia 2875-2941

Indian Ocean 3074^458
Indican Ocean 2540

Bougainville Trench 6920-7954

NW Pacific 5680-6670

Iceland 1591

N Atlantic 5420

Puerto Rico Trench 5060-6650

Philippine Trench 8440-10000

West Pacific >2000
Banda Trench 7270

SE Atlantic 2997

N Pacific 3749

Peru-Chile Trench 4823-6134

Iceland 1412

Skagerrak 149-228

N Central Pacific 6043-6051

N Central Pacific 4400

N Pacific 5005-5880

David Strait 3521

West Pacific >2000
Puerto Rico Trench 5163-5494

Arctic Ocean 325^00
Indian Ocean 6433

Indian Ocean 5220

NW Pacific 5502

Antarctic 4335

Puerto-Rico Trench 5477-5494

Antarctic 757-2705

South Africa 1280

Norwegian Sea 4-1761

Romanche Trench 6380-6430

NE Atlantic 5420

Norwegian Sea 830-3474

NW Atlantic 3950-3963

Izu-Bonin Trench 7406

Indian Ocean 2596

Puerto-Rico Trench 5410-5684

NE Atlantic 2655-2667
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Table L—Continued.

Taxon Locality Depth (m)

vinogradovae Mezhov, 1992

viriosa Mezhov, 1999

vitjazi Birstein, 1963

woljfi Mezhov, 1988

zenkevitchi Birstein, 1963

Antarctic, Weddell Sea 1660-4335

NE Atlantic 4050

Bougainville Trench 6920-7954

Indian Ocean 2385-3717

NW Pacific 5461-5495

Systematics

Suborder Asellota Latreille, 1803

Family Macrostylidae Hansen, 1916

Genus Desmostylis Brandt, 1992b

Desmostylis gerdesi new species

(Figs. 1-4)

Holotype.—female, 1.8 mm length, ZMH
39915; MBC, station 037-(subcorer 1),

28.2.1996, 238 m depth, 7r31.90'S,

13°31.20'W.

Paratype.—females, 1.6 mm length,

ZMH 39916; MBC, station 037-(subcorer

7), 28.2.1996, 238 m depth, 71°31.90'S,

13°31.20'W.

Type locality.—Antarctica, Southern

Ocean, Weddell Sea, off Kapp Norvegia,

238 m.

Distribution (Fig. 5).—Weddell Sea D.

gerdesi (circle) was recorded in the Weddell

Sea and D. obscurus (quadrangle) was sam-

pled off the Maud Rise, East Antarctic.

Description

Female (holotype).—Body (Fig. 1): 4.8

times as long as wide, and almost 6.5 times

as long as body depth; body dorsum and

margins smooth, without setae. Head twice

as long as wide, about as wide as first per-

eonite, without eyes, dorsal spines or any

sculpture. Pleotelson 0.7 width of body

width and 0.3 length of body length, only

slightly shorter than pereonites 5-7 togeth-

er. Pereonites 3 and 5 longest, about sube-

qual in lengths, pereonites 1 and 2 shortest.

Al (Fig. 1): 0.2 body length, of nine ar-

ticles of very similar width. Articles 1-3

without setation, articles 4 and 5 with one

medial simple seta, article 4 with an addi-

tional short simple lateral seta. Last article

smallest, knob-like, with one setulated seta

and one long aesthetasc.

A2 (Fig. 1): 0.3 body length, with five

peduncular and six flagellar articles. Pedun-

cular articles 1-3 short, not illustrated

(damaged during dissection). Articles 4 and

5 about subequal in length, last peduncular

article with three feather-like and one sim-

ple seta. Flagellar articles all narrower and

shorter, flagellar article 1 longest, with 1

long simple seta, following flagellar articles

decreasing in length, third flagellar article

with one simple seta, last but one article

with a simple seta, last article smallest and

shortest, with three long simple setae of

varying lengths.

LMd (Fig. 1): Incisor with three teeth,

lacinia mobilis shorter than incisor (0.6),

bearing three longer and two small teeth,

spine row of seven setae, 5 simple, the last

two ones distally serrated, pars molaris

stout, tapering distally, with small, quadran-

gular triturative, grinding surface and eight

simple setae of various lengths. Mandibular

palp absent.

RMd (Fig. 1): Similar to left, but without

lacinia mobilis, incisor with three teeth,

spine row of seven simple setae and one

distally bifid seta (first in the row), molar

equipped with seven simple setae.

Hy (Fig. 2): Consisting of two volumi-

nous lobes and two medial shorter and

smaller lobes, proximally fused, with distal

and distomedial simple short setae.

Mxl (Fig. 2): Inner endite width 0.6 out-

er endite width. Outer endite with 1 1 strong

spine-like simple setae distally and few

long marginal setae, inner endite with distal

tuft of simple short setae.
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Fig. 1. Desmostylis gerdesi sp. nov, holotype female of 1.8 mm length in dorsal and lateral view, antennula,

antenna, left and right mandible.
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Fig. 2. Desmostylis gerdesi sp. nov, holotype female, left and right mandible, hypopharynx, maxillula.

maxilla, maxilliped, pereopods 1, 2.



VOLUME 115, NUMBER 3 621

Mx2 (slightly twisted in Fig. 2): Inner

endite broadest, with 1 1 distal simple setae,

medial and outer endites with four setae

each of varying lengths.

Mxp (Fig. 2): Endite reaching almost to

second palpal article, with three fan and

three simple setae distally and two medial

coupling hooks. Palp length 0.4 of total ba-

sis length. First palp article shortest, with

one distomedial simple seta; article 2

broadest, with two distal simple setae; ar-

ticle 3 0.8 article 2 width, with one lateral

and five medial simple setae, article 4 nar-

row, 0.5 article 3 width, with two simple

setae, last article narrowest, 0.6 as long as

article 4, with three simple setae. Epipod

length 3.3 of width, epipod about subequal

to basis in length and width, lateral angular

projection at proximal sixth of length.

Pereopods 1-4 (Figs. 2-4): Pereopod 1

(Fig. 2) shorter than 2 and 3, basis longest

article, with two ventral simple setae. Is-

chium 0.6 as long as basis, without setae.

Merus small, 0.7 length of ischium, almost

quadrangular, with six sensory setae, carpus

as long as merus, with three sensory setae.

Propodus as long as carpus, with one sim-

ple seta and two sensory setae. Dactylus as

long as propodus, with four apical setae and

without claw.

Pereopods 2-3 (Figs. 2, 4): Similar in

general shape, P3 longer than P2. Bases of

the same length, broader than of pereopod

1, slightly shorter than ischium and merus

together, with one feather-like seta, and one

simple seta in pereopod three. Ischia and

meri with several long sensory setae on

both, ventral and dorsal margins. Carpi 0.7

length of bases, with one dorsal feather-like

seta and also long sensory setae on both,

ventral and dorsal margins. Propodus
slightly shorter than dactylus, with two to

three simple short setae, dactylus tip with 5

apical setae of varying shape, one setulated

in P2, in P3 dactylus with 4 simple setae.

Pereopod 4 (Fig. 3): Smallest and short-

est, with long and slender basis bearing two
simple setae, ischium 0.6 basis length, with

a single long sensory seta, merus and car-

pus shorter than ischium, almost rectangu-

lar, merus with five, carpus with three sen-

sory setae of different lengths, propodus

slightly shorter than carpus, with two sen-

sory setae, dactylus short, with two seta of

different lengths.

Pereopods 5-7 (Fig. 3): Of similar shape

and size, slightly longer than pereopods 1-

3, carpi and propodi of pereopods longest

articles, about subequal in length. Basis of

pereopod 5 with one feather-like, two sim-

ple and two sensoty setae, ischium 0.7 basis

length, with six sensory setae, merus 0.9

length of ischium, with four sensory setae,

carpus with a distodorsal feather-like seta

and a distal sensory seta dorsally and ven-

trally, in P7 with three long ventral sensory

setae, propodus slightly shorter than carpus,

with two distoventral sensory setae, dacty-

lus 0.3 length of propodus, with two long

ventral sensory setae. Basis of pereopod 6

with two feather-like and five ventral sen-

sory setae, ischium as long as basis, with

seven long sensory setae, merus 0.7 length

of ischium, with five distodorsal and three

distoventral sensory setae, carpus more than

twice as long as merus, with two very long

distoventral sensory setae and one shorter

one, one distodorsal feather-like seta, pro-

podus almost as long as carpus, with three

ventral sensory setae and one distodorsal

feather-like seta, dactylus with three long

setae of different lengths, distally incised.

Basis of pereopod 7 without feather-like

setae, but with nine long sensory setae, is-

chium 0.8 basis length, with two long sen-

sory setae, merus 0.9 length of ischium,

with three sensory setae, carpus more than

twice as long as merus, with three very long

ventral sensory setae and three short disto-

dorsal ones, propodus as long as basis, with

two long ventral sensory setae, one disto-

dorsal feather-like seta and a simple one,

dactylus with three long setae of different

lengths, distally incised.

Pleopod 2 (Fig. 4): Elongated, oval,

waisted at proximal part, broadest medially,

with many simple dorsal and lateral setae

in proximal half, distally acuminating, tip
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Fig. 3. Desmostylis gerdesi sp. nov, holotype female, pereopods 4—7.
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Fig. 4. Desmostylis gerdesi sp. nov, holotype female, pereopod 3, pleopods 2-5, telson, uropod.
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Fig. 5. Sampling records of Desmostylis, circle DesmostyUs gerdesi sp. nov.; quadrangle D. obscunis: M,

Magellan area; W, West Antarctica; E, East Antarctica; B, Bouvet Island.

with 14 long plumose setae. Pleopod 3 (Fig.

4): Endopod 1.75 times as long as wide,

with three distal plumose setae, exopod 1.7

times as long as endopod length and one-

fourth of endopod width, laterally with sim-

ple setules. Pleopod 4 (Fig. 4): Endopod
twice as long as wide, exopod 0.6 to en-

dopod, not reaching its distal tip, medially

and laterally with fine setules, distally with

long plumose seta, endopod bare. Pleopod

5 (Fig. 4): Only one small oval lobe, twice

as long as broad.

Uropod (Fig. 4): About 1.1 as long as

pleotelson, sympod long and styliform,
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with four medial and two lateral simple se-

tae. Only one ramus present, slightly less

than a third of length of sympod, with three

distal feather-like and three long simple se-

tae.

Telson of rectangular shape (see dorsal

view in Fig. 1). Distal tip rounded (Fig. 4),

with small lobe-like protrusions, caudola-

teral notch-like projections close to caudal

maring, laterally some simple setae, cau-

dally a group of three simple setae and an-

other group of five simple setae on both

sides.

Male unknown.

Etymology.—The species is named after

Dr. Dieter Gerdes, who collected the new
species and is a very nice and helpful col-

laborator for Antarctic benthologists.

Remarks.—Desmostylis gerdesi differs

from D. obscurus Brandt, 1992b, by its

pleotelson, whose lateral margins do not

bear sensory setae, which are present in D.

obscurus. D. gerdesi bears much longer

uropods, a longer uropodal sympodite and

a stronger setation on pereopods. D. gerdesi

also possesses longer and more numerous

sensory setae on carpi and propodi of pe-

reopods 2 to 6. Moreover, the mandibular

incisors have no teeth in D. obscurus, while

these bear two to three teeth in D. gerdesi,

and mandibular molar of D. gerdesi also

bears more setae than that of D. obscurus.

Contrary to D. obscurus, which was sam-

pled in the deep sea, D. gerdesi might show
polar emergence as it occurs on the conti-

nental shelf of the Weddell Sea.

Discussion

The phylogenetic position of Desmostylis

and its close relationship to the Desmoso-
matidae was already discussed by Brandt

(1992b). The genus was described on the

basis of an immature female of D. obscu-

rus. However, Desmostylis can easily be

differentiated by Macrostylis by the ab-

sence of short dactylar claws and the pres-

ence of long dactylar sensory setae on the

posterior pereopods, which are not present

in any species of Macrostylis. It is quite im-

probable that a sensory seta modifies into a

claw after moulting. Moreover, this char-

acter has not been reported for any devel-

opmental stage of Macrostylis, it is there-

fore not due to allometry. Moreover, M. po-

laris Malyutina & Kussakin, 1996 is also a

very small species (1.5-1.9 mm) and bears

short dactylar claws on posterior pereopods,

not long sensory setae. The new species of

Desmostylis is represented by two speci-

mens, which show the typical autapomor-

phies of the genus, the long ventral sensory

setae on propodus of posterior pereopods,

which reach almost the lengths of the dac-

tylar ones, and the long distal sensory setae

on dactyli of pereopods 5-7. The descrip-

tion of D. gerdesi supports the genus con-

cept (Brandt 1992b).

Wagele (1989) considers the Macrostyli-

dae as the adelphotaxon (next outgroup or

sister taxon; compare Wagele 2000) to the

sister groups Desmosomatidae and Nannon-

iscidae. Although the phylogenetic relation-

ship of these families (Macrostylidae, Des-

mosomatidae, and Nannoniscidae) cannot

be resolved without a phylogenetic analyses

and a revision of all species and genera,

which cannot be presented in this paper, the

monophyly of these three families is very

probable.

Table 1 shows that Macrostylis is distrib-

uted world wide, especially in the abyss,

while Desmostylis has only been reported

in the Southern Ocean. The new species of

Desmostylis possibly demonstrates polar

emergence, as it has only been found on the

Antarctic shelf in 238 m depth until now.

Alternatively, D. obscurus might have sub-

merged from the shelf, as it was sampled in

4335 m depth off the Maud Rise, East Ant-

arctic. Besides D. gerdesi only the species

Macrostylis spinifera Sars, 1864, M. lon-

giremis (Meinert, 1890), and M. polaris

Malyutina & Kussakin, 1996 have been

sampled in shallow water on the continental

shelf, however, the latter were sampled in

the European Northern Seas or Arctic

Ocean. The two Antarctic species of Des-
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mostylis bear much shorter antennulae and

antennae and lack the typical long sensory

setae on carpi and propodi of pereopods 5-

7, while the dactyli of these species are

equipped with the typical long distal sen-

sory setae, described in the diagnosis of

Desmostylis (Brandt 1992).
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Speocirolana prima, a new species from Tamaulipas, Mexico with a

key to known species of the genus (Crustacea: Isopoda: Cirolanidae)

Marilyn Schotte

Department of Systematic Biology, National Museum of Natural History, Smithsonian Institution,

Washington, D.C. 20560-0163, U.S.A.

Abstract.—The twelfth species of Speocirolana is described, distin-

guished from its cogener S. pubens by the morphology of the male uropods.

A key to the known species of the genus is given. A distribution map of

species in the genus, known only from northeastern Mexico, is also pre-

sented.

To date 22 species of stygobitic cirolan-

ids in nine genera have been described from

freshwater caves, springs, and cenotes in

Mexico (Botosaneanu and Iliffe 1999, Bo-

tosaneanu et al. 1998, Bowman 1964, Bow-
man 1981, Schotte 2000). Eleven of these

belong to the genus Speocirolana, all col-

lected from the eastern states of Tamauli-

pas, Nuevo Leon, Coahuila and San Luis

Potosi (see Fig. 4). Specimens collected by

Dr Robert Hershler of the National Muse-
um of Natural History and others contained

the twelfth species, described herein as

new. The material is deposited in the Na-

tional Museum of Natural History

(NMNH).

Key to known species of Speocirolana

la. Apex of pleotelson acute 2

lb. Apex of pleotelson rounded or trun-

cate 3

2a. Endopod of uropod one-half length of

exopod; both rami broadly rounded

apically Specirolana thermydronis

Cole and Minckley, 1966 (Pozos de la Be-

cerra, nr. Cuatro Cienagas, Coahuila)

2b. Endopod of uropod more than one-

half length of exopod; both rami ta-

pering to nearly acute apex

. . . Speocirolana hardeni Bowman, 1992

(Bexar and Val Verde Counties, Texas)

3a. Apex of pleotelson rounded 4

3b. Apex of pleotelson truncate 6

4a. Protopod of uropod produced, extend-

ing beyond apex of pleotelson; length

of frontal lamina three times width . .

Speocirolana pelaezi

Bolivar y Pieltain, 1950 (Cueva de los Sa-

binos, nr Cuidad Valles, San Luis Potosi)

4b. Protopod of uropod not extending be-

yond apex of pleotelson; length of

frontal lamina less than three times

width 5

5a. Endopod of uropod in male club-like,

parallel-sided and rounded at apex,

longer than exopod

.... Speocirolana pubens Bowman, 1982

(Cueva de la Bonita, San Nicolas de los

Montes, San Luis Potosi)

5b. Endopod of uropod of male not club-

like; lateral margins tapering to very

narrowly rounded apex, subequal to

length of exopod

Speocirolana prima n. sp

(Nascimiento del Rio Mante, Tamaulipas)

6a. Exopod of uropod longer than endo-

pod, hard, club-shaped and with large,

round patch of dense setules at apex

Speocirolana fustiura

Botosaneanu and Iliffe, 1999 (Sima Chu-

pacable, Potreitos, Neuvo Leon)

6b. Exopod of uropod not as above .... 7

7a. Width of posterior margin of pleotel-

son less than one-half width of pleo-

telson at base 8

7b. Width of posterior margin of pleotel-

son greater than one-half width of

pleotelson at base 9
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8a. Frontal lamina markedly narrow and

elongate, bent almost to right angle at

Vs of length; Speocirolana lapenita

Botosaneanu and Iliffe, 1999 (Manantial

La Penita, Ciudad Victoria, Tamaulipas)

8b. Frontal lamina not as above 11

9a. Second antenna very long, reaching

almost to end of pleotelson; frontal

lamina strongly curved dorsally . .

Speocirolana dispahcornis

Botosaneanu and Iliffe, 1999 (Guayetejo

Spring, Juamave, Tamaulipas)

9b. Second antenna not reaching past mid-

length of pleotelson; frontal lamina

flat, pentagonal in ventral view 10

10a. Frontal lamina narrow in ventral view,

length ca. 2.5 times width

Speocirolana bolivari

Rioja, 1953 (Cueva de los Sabinos, nr. Cui-

dad Valles, San Luis Potosi)

10b. Frontal lamina broad in ventral view,

length 1.5 times width

Speocirolana endeca

Bowman, 1982 (Nr. Cuidad Victoria,

Tamaulipas)

11a. Both rami of uropod extending be-

yond posterior margin of pleotelson

Speocirolana guerrai

Contreras-Balderas and Purata-Velarde,

1982 (Cueva de la Chorrera, Linares,

Nuevo Leon)

1 lb. Exopod of uropod subequal in length

to pleotelson, endopod much shorter

Speocirolana zumbadora

Botosaneanu, Iliffe and Hendrickson, 1998

(La Zumbadora, Municipio La Madrid,

Coahuila)

Systematics

Family Cirolanidae Dana, 1852

Genus Speocirolana Bolivar y Pieltain,

1950

Speocirolana Bolivar y Pieltain, 1950:211;

Rioja, 1953:147-148; Bowman,
1964:233-234.

Speocirolana prima, new species

Figs. 1-4

Material—noXoiy^e, USNM 1003987,

male, total length 20 mm; Allotype, USNM
1003988, ovigerous female, total length 22

mm; Paratypes, 2 males, 4 females, USNM

1003989, Mexico, Tamaulipas state, head

spring (nascimiento) of Rio Mantes
(22°44'N, 098°57'W), just south of Cuidad

Mante on west side of Highway 85, in soft

sediment, coll. Steve Gerrard and dive

team, 1 May 1988.

Diagnosis.—Male uropodal endopod
subtriangular with 3-4 stout spine-like se-

tae on medial margin; exopod lanceolate,

glabrous and tapering to narrowly rounded

apex. Uropods not sexually dimorphic.

Both uropodal rami subequal in length and

extending beyond apex of pleotelson by

one-half of length. Exopods of pleopods 3

and 4 incompletely divided; division in ex-

opod of pleopod 5 complete.

Description.—Male: Body length (Fig.

lA) about 3 times greatest width. Ce-

phalon with slight tricuspid ridge on an-

terior margin, including small rostral

point (Fig. IG). Frontal lamina (Fig. IE,

F) pentagonal in ventral view, projecting

anteriorly in lateral view. Integument mi-

nutely and sparsely granulate, with faint

granular row on posterior margins of per-

eonites.

Pereonite 1 longest; pereonites 3-4
shortest, subequal. All coxae (Fig. IB)

with carinae; posterior angle of coxa 7

reaching epimeron of pleonite 3. Epimera

of pleonite 1-3 produced posteriorly.

Pleotelson shorter than basal length, pos-

terior margin broadly rounded, lacking se-

tae.

Antennule (Fig. IC) reaching posterior

edge of pereonite 1; flagellum containing

ca. 21 articles, most bearing 1 or 2 aesthe-

tascs. Antenna (Fig. ID) reaching posterior

margin of sixth pereonite in largest speci-

mens; flagellum with ca. 41 articles.

Left mandible (Fig. II): incisor cusps

less deeply separated than in right man-
dible; spine row (Fig. IJ) with 21 short,

spine-like setae; molar with ca. 30 den-

tations; palp, article 2 bearing 25 fringed

setae on outer margin and few fine, short

setae on inner margin. Right mandible

(Fig. IK): spine row bearing ca. 20 short,

spine-like setae; molar with ca. 27 mar-
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Fig. 1. Speocirolana prima, n. sp., male. A: habitus, dorsal view; B: lateral view; C: antennule; D: antenna;

E: frontal lamina, oblique view; F: frontal lamina, ventral view; G: cephalon; H; uropod; I: left mandible; J;

spine row (enlarged) of left mandible; K: right mandible.

ginal dentations. Exopod of maxilla 1

(Fig. 2C) with 1 1 robust spine-like setae,

6 or more bearing 3 tiny spinules on inner

margins; endopod with 3 circumplumose

setae. Maxilla 2 (Fig. 2B) with 7 long,

simple setae on lateral lobe, 12 on middle

lobe; 8 plumose marginal setae and 4

short, simple setae on medial lobe. Max-

illiped (Fig. 2A) bearing 2 coupling hooks

and 1 1 plumose marginal setae on endite.

Pereopod 1 (Fig. 3A), propodus broad,

greatest width 0.6X length, with 4 stout

spine-like setae and fringe of small simple

setae on mesial margin; carpus with single

strong spine-like seta on mesial margin

and merus bearing 5 stout spine-like setae
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Fig. 2. Speocirolana prima, n. sp. A: pereopod 1 ; B: pereopod 2; C: pereopod 3; D: pereopod 4; E: pereopod
5; F: pereopod 6; G: pereopod 7.

distally. Pereopod 2 (Fig. 3B) and 3 (Fig.

3C) similar, propodus of each with 3 spine-

like and numerous simple setae; carpi with

3 stout spine-like setae distally; meri bear-

ing 3 stout spine-like setae at anterodistal

angle and 3 at posterodistal angle in per-

epod 3, 2 smaller spine-like setae in pereo-
pod 2. Pereopods 4 (Fig. 3D) and 5 (Fig.
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Fig. 3. Speocirolana prima, n. sp. A: maxilliped; B: second maxilla; C: first maxilla: D: pleopod 1; E:

pleopod 2; F: pleopod 3; G: pleopod 4; H: pleopod 5; I: penes.

3E) similar with single spine-like seta at

anterodistal margin of ischium and clusters

of strong spine-like setae at distal angles

of meri and carpi. Pereopods 6 (Fig. 3F)

and 7 (Fig. 3G) with clusters of spine-like

setae at distal angles of ischia, meri and

carpi, lacking at anterodistal angle of car-

pus in pereopod 6.

Pleopod 1 (Fig. 2D). 6 coupling hooks

on peduncle; both rami elongate, length

more than twice greatest width; endopod

and exopod bearing about 3 1 and 75 plu-
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Fig. 4. Distribution of species of the genus Speocirolana.

mose marginal setae respectively. Pleopod

2 (Fig. 2E) of male, 6 coupling hooks and

long setae on peduncle; appendix mascu-

lina inserted sub-basally, slightly curved,

tapering to rounded apex and slightly

shorter than endopod, latter having about

32 plumose marginal setae; exopod more
than 50% wider than endopod and bearing

about 77 plumose marginal setae. Pleopod

3 (Fig. 2F), 5 coupling hooks and several

long setae on peduncle; exopod with in-

complete suture visible and about 65 plu-

mose marginal setae, lacking on endopod.

Pleopod 4 (Fig. 2G), exopod incompletely

divided, bearing about 80 plumose mar-

ginal setae, lacking on endopod. Pleopod

5 (Fig. 2H), exopod completely divided

and with 7 plumose marginal setae, absent

on endopod. Penial rami (Fig. 21) large.

wedge-shaped and separated by a distance

greater than width of single ramus; length

of each ramus more than twice width.

Protopod of uropod (Fig. IH) with

strongly produced posteromedial angle,

reaching half-length of exopod; endopod

subtriangular with 3 (occasionally 4) spine-

like setae on medial margin.

Female.—Indistinguishable from male

except for sexual characters.

Etymology.—The species name prima is

feminine and is Spanish for "cousin", since

it is similar to its cogener S. pubens; the

name is a noun in apposition. It is dedicated

to my own cousin, Estela Gayosso Men-
doza.

Remarks.—Bowman (1964), who raised

Speocirolana Bolivar y Pieltain (1950)

from a subgenus of Cirolana to generic sta-
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tus, offers remarks on the relationships of

known troglobitic Cirolanidae of the west-

ern hemisphere. A key separating the

known genera is given there.

The new species described in the present

paper is diagnosed by a unique combina-

tion of characters rather than any autopo-

morphies. It is most like S. pubens, whose
type locality is about 125 km away to the

south but in a different watershed. Speo-

cirolana prima can be separated most

readily by the uropodal endopod which in

both sexes is lanceolate, narrowly rounded

apically and is not pubescent as in the male

of S. pubens, in which the uropodal en-

dopods are sexually dimorphic. In the male

of S. pubens, the endopod has parallel lat-

eral margins and is apically truncate; in the

female, it is not hirsute and lanceolate in

shape. Further differences can be seen in

the number of articles in the antennal fla-

gellum (41 in S. prima vs. 24 in S. pub-

ens); development of the sutures in pleo-

podal exopod 4 (complete in S. pubens,

partial in S. prima), and the exopods of

pleopod 4 in S. prima, which carry more

marginal setae.

Whether the pleopodal exopod sutures

are partial or complete seems not to be a

consistent character state in this genus,

therefore limiting its use. Those members
of the genus showing complete develop-

ment of the suture in the exopod of the

third pleopod are Speocirolana disparicor-

nis, S. endeca, S. fustiura, S. guerrai, S.

lapenita and S. zumbadora. Those having

incomplete development in this feature in-

clude Speocirolana hardeni, S. prima, S.

pubens and S. thermydronis. The descrip-

tions of S. bolivari and S. pelazi do not

adequately define the status of this char-

acter.
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Redescription of Botryllophilus inaequipes Hansen, 1923

(Crustacea: Copepoda: Cyclopoida: Ascidicolidae)

Shigeko Ooishi

Friday Harbor Laboratories, University of Washington, 620 University Road, Friday Harbor,

Washington 98250-9299, U.S.A., e-mail: ooishiJfhI@hotmail.com

Abstract.—Hansen (1923) described the female of Botryllophilus inaequipes

based on three specimens, which he designated as syntypes, collected from the

Davis Strait. One syntype (with segmented metasome) on loan from the Zoo-

logical Museum, University of Copenhagen, could be identified as B. inaequi-

pes; the other two syntypes (with unsegmented metasome) are a different spe-

cies. The redescription, based on the specimen of B. inaequipes, confirms that

most of the appendages of this copepod show diagnostic features of female

morphotype A (subgroup 1) of the genus. The paragnaths (with free distal

portion), labrum (with middistal lobe), and copulatory organs (comprising tu-

bular copulatory pores and large seminal receptacles), studied for the first time,

are thought to be unique for the species.

Hansen (1923) characterized the female

of Botryllophilus inaequipes as possessing

many appendages that he thought to be

similar to those of B. brevipes Sars, 1921,

and also a segmented metasome like that

of 5. ruber Hesse, 1864. Hansen's illustra-

tions, however, dealt with only six append-

ages (right antennule, antenna, mandible,

left leg 1, right and left leg 4); the body

form was not shown. In addition, the host

is unknown. Illg & Dudley (1980) stated

that this species needs a much more de-

tailed description and determination of its

host. Through the courtesy of Dr. N.

Bruce, I was able to examine Hansen's

three specimens, deposited as syntypes of

B. inaequipes, when I visited the Zoolog-

ical Museum, University of Copenhagen,

in August 1996. Later, Dr. Bruce arranged

to have the three specimens sent to me for

further study. However, only one of them

was identifiable as B. inaequipes. In addi-

tion, the only specimen of B. inaequipes

had previously been dissected and lacked

many appendages. The present redescrip-

tion is based on this specimen.

The genus Botryllophilus Hesse, 1864

consists of 14 established species, nine of

them belonging to type A (with 5-segment-

ed urosome) and five others belonging to

type B (with more than 5-segmented uro-

some). Type A species have been divided,

by Ooishi (2000), into two subgroups (1,2)

based on two patterns (I, II) of leg armature

formulas. Botryllophilus inaequipes be-

longs to subgroup 1 (pattern I) of type A,

with five congeners: (1) 5. brevipes Sars,

1921; (2) B. bergensis Schellenberg, 1921;

(3) B. abbotti Ooishi & Illg, 1989; (4) B.

koreensis Seo & Lee, 1995; and (5) B. bam-

fieldensis Ooishi, 2000.

Because B. inaequipes is redescribed

here and B. brevipes Sars (junior hom-

onym of B. brevipes Brement, 1909. of

subgroup 2) has been restudied (Ooishi

2002), B. bergensis will be left as the only

species of subgroup 1 that is still in need

of study. I have confirmed, however, that

the type specimen of B. bergensis was not

in the Schellenberg collection when I vis-

ited the Natural History Museum, Hum-
boldt University, Berlin, in 1996.
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Materials and Methods

Three specimens (designated as syntypes

of B. inaequipes Hansen) contained in two

vials (each with a catalog number) were

sent to me, together with a data sheet, from

the Zoological Museum at Copenhagen.

One vial contained two specimens (CRU-

2387); the other contained one specimen

(CRU-2388). The data from the museum
give the depths by metric system and also

exact dates for the specimens, although

Hansen's paper (1923) gives the depths in

Danish fathoms and the years as "The In-

golf-Expedition 1895-1896." The follow-

ing more exact data for the specimens are

given on the basis of those from the mu-
seum and Hansen's paper; latitudes and lon-

gitudes are the same in both. I designated

the three specimens as A, B, and C.

CRU-2387 ... 2 females (A, B), Ingolf

Station 32 (Davis Strait), 66°35'N,

56°38'W, 599 m (318 Danish fathoms)

depth, 11 July 1895.

CRU-2388 ... 1 female (C), Ingolf Station

36 (Davis Strait), 6r50'N, 56°21'W,

2702 m (1435 Danish fathoms) depth, 28

July 1895.

Specimens A—C were immersed in lactic

acid (with a slight amount of methyl-blue)

and their body forms were drawn in detail,

with the aid of a camera lucida, for mor-

phological comparison, and specimen B
was selected as the holotype (as explained

in the Systematics section, below).

A photomicrograph (Fig. 6a), before dis-

secting, was made from specimen B. Draw-
ings for the retained appendages or other

body portions were also made with the aid

of a camera lucida. Other photomicrographs

were made of the copulatory organs in the

urosome.

In order to make it easy to understand the

morphology of B. inaequipes, illustrations

given in this paper consist of my originals

plus four others that were remade from il-

lustrations given by Hansen (1923: pi. Ill,

2b [right antenna], 2d [left leg 1], 2e [right

leg 4], 2f [left leg 4]) for four appendages.

The remade illustrations were obtained by

magnifying Hansen's illustrations to be ap-

proximately the same size as my originals.

These are asterisked, as seen in Figs. 2e*

(right antenna), 3c* (left leg 1), 4c* (right

leg 4), and 4d* (left leg 4). Illustrations for

right legs 1 and 2 are not presented in this

paper, because these legs were lacking in

the specimen that I examined and also were

not included in Hansen's illustrations.

The dissected specimen, which was re-

turned to the museum in September 1997,

consisted of the following parts: the meta-

some without legs 1-4 and the urosome

with caudal rami, both in a vial with etha-

nol, and appendages mounted singly in

polyvinyl lactophenol on 1 1 slides. The

mounted appendages are: (1) left antennule,

(2) left antenna, (3) left mandible, (4) la-

brum, (5) paragnaths, (6) left maxillule, (7)

left maxilla, (8) left maxilliped, (9) left leg

2, (10) right leg 3, and (1 1) left leg 3. Spec-

imens A and C (each in a vial with ethanol)

were returned to the museum at the same

time.

In the armature formula for legs 1-4, the

total number of spines or spiniform ele-

ments (Roman numerals) is given first and

connected by a dash with the number of

setae or setiform elements (Arabic numer-

als) in each segment. The total number (T)

of these elements is given in parentheses for

protopod, endopod, and exopod. This for-

mula style was used first by Ooishi & Illg

(1989) to specify the number and compo-

sition of armature elements on each leg seg-

ment of a botryllophilin (type A). In the

armature formula for B. inaequipes, the pre-

dicted number and/or composition of miss-

ing or incorrectly illustrated elements are

included in italics (see Table 1).

The abbreviations used are: Al = anten-

nule, A2 = antenna, L = labrum, MD =

mandible, MXl = maxillule, MX2 = max-

illa, MXP = maxilliped, PG = paragnath,

and PI = leg 1. The numeric symbols used

are: I = first armature element or first major

element of antenna, maxilla, and leg exo-

pod; 1 1
= first seta on first segment of an-
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tennule; h = first seta on second segment

of antennule; 1 = one independent seta (not

associated with any other setae) of anten-

nule; and +1 = one subordinate seta asso-

ciated with a major seta of antennule or

maxilla. These symbols were used first by

Ooishi (1996) to recognize easily the loca-

tion, size, and shape of each element on the

appendage in botryllophilins, and to estab-

lish its homology in other species.

Systematics

Family Ascidicolidae Thorell, 1859

Subfamily Botryllophilinae Sars, 1921

Genus Botryllophilus Hesse, 1864

Botryllophilus inaequipes Hansen, 1923

Figs. 1-6

Selection of holotype.—Hansen's three

specimens (A, B, and C) were examined

with the following results: A, metasome un-

segmented, body damaged on right side; B,

metasome segmented, body partly dissect-

ed, lacking 6 right cephalosomal append-

ages and 5 legs (right legs 1, 2, and 4, left

legs 1 and 4), but retaining oral area and

remaining appendages of cephalosome, me-

tasome, and urosome; and C, metasome un-

segmented, body partly dissected, lacking

left cephalosomal appendages except for

antennule.

Specimen B was the only one which had

a segmented metasome, characteristic of

Botryllophilus inaequipes, thus obviously

differing from specimens A and C, which

had an unsegmented metasome. In addition,

six of the 1 1 missing appendages men-
tioned above for specimen B corresponded

to the right antennule (2a, designated as

left, by Hansen), right antenna (2b), right

mandible (2c), left legs 1 (2d) and 4 (2f),

and right leg 4 (2e) illustrated by Hansen

(1923: pi. III). Specimen B has therefore

been designated as the holotypic female of

B. inaequipes and selected for this rede-

scription. Specimens A and C were not fur-

ther studied by me, because they were not

thought to be B. inaequipes.

Holotypic specimen examined.—Holo-

type ? (ZMUC-CRU-2387), collected at

Ingolf Station 32, 66°35'N, 56°38'W, 599 m
depth, in sifted bottom mud of the Davis

Strait, 1 1 July 1895; dissected specimen de-

posited in Zoological Museum, University

of Copenhagen.

Redescription of female.—Body (Figs,

la, b, 6a) vermiform, 1.47 mm long, mea-

sured along body axis, based on illustrated

specimen. Proportional lengths 1:2.4:2 for

cephalosome, metasome, and urosome;

these regions well demarcated. Ratio of

length of prosome to that of urosome 1.7:

1. Body surface with sparsely scattered

hairlike sensilla. Color of living specimen

unknown.

Cephalosome (Fig. la, d, e) subtriangu-

lar, with rounded anterior margin. Append-

ages consisting of 6 pairs through maxilli-

peds. Rostral area (Fig. Id) slightly scler-

otized and expanded.

Metasome (Fig. la, b) somewhat com-

pressed, 5-segmented; segmentation distinct

in first four segments, but weak between

fourth and fifth segments. Proportional

lengths 1:0.75:0.75:1:0.56 for 5 segments.

Greatest width 0.40 mm in second and third

segments. First to fourth segments bearing

biramous asymmetrical legs (right legs 1

and 2 not shown here), without intercoxal

sclerite, as seen in left legs 1-4 (Figs. 3c*,

d, 4b, d*) and right legs 3 and 4 (Fig. 4a,

c*). Fifth (shortest) segment narrowed to-

ward urosome, bearing uniramous short leg

5 pair (Fig. la); proximal portion of leg 5

incorporated into posterolateral corners of

fourth segment. Short transverse sclerite

(Fig. Ic) present on midventral side, indi-

cating boundary between fourth and fifth

segments.

Urosome (Fig. la-c) cylindrical, consist-

ing of 5 segments (genital, 3 abdominal,

anal); anal segment slightly longer than

each of anterior 4 subequal segments. In

genital segment, gonopores dorsolateral,

and opening of genital atrium midventral.

Short caudal rami with ventrally directed

terminal spines.
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0.1mm -

0.05mm

Fig. 1. Botryllophilus inaeqitipes Hansen, female, a, body form, dorsal; b, body form, lateral; c, posterior

metasome with urosome, ventral; d, cephalosome, ventral (left side); e, cephalosome, lateral; f, paragnaths,
ventral; g, paragnaths, posterior.

Antennule (Fig. 2a, b) 4-segmented; en-

larged first segment about as long as total

length of narrowed second to fourth seg-

ments. First segment with 9 setae (I, + 2,

II,, III| + 1, IV,, V,, 1), second segment
with 4 setae (I,, II2+ 2), third segment with

3 setae (I3-I-2), and fourth segment with 12

setae (I4, 11). Total setal number 28, in-
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Fig. 2. Botiyllophihis inaeqiiipes Hansen, female, a, left antennule, anterior; b, fourth segment of antennule.

posterior; c, left antenna, posterior; d, left antenna, anterior, showing short third segment; e*. right antenna,

posterior; f, labrum, viewed from anterolateral side; g, left mandible, anterior; h, left maxillule. posterior.

eluding 1 aesthete-like seta (Fig. 2a, ar-

row) on fourth segment. In first segment,

longest major seta (III,) slightly shorter

than proximal width of segment, and I in-

dependent seta ( 1 ) at anterodistal corner

short.

Antenna (Fig. 2c, e*) 4-segmented,

asymmetrical with respect to composition
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a, b,d

Fig. 3. Botryllophilus inaequipes Hansen, female, a, left maxilla, posterior; b, left maxilliped, posterior; c"*

left leg 1, anterior; d, left leg 2, anterior.

of armature elements. In left antenna (Fig.

2c, d), fourth segment slightly shorter

than longest second segment; third seg-

ment shortest. Fourth segment with 7 sim-

ple setae (I-VII): 2 (I, II) on medial mar-

gin and 5 (III-VII) on terminal margin.

Proportional lengths about 1:1.2:0.9:1.5:

2.8:4.5:5.9 for 7 setae (I-VII); longest

seta (VII) about 1.2 times as long as

fourth segment (measured on anterior

margin). Right antenna (Fig. 2e*) with 7

elements (I-VII): 5 spines (2 [I, II] me-
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Fig. 4. Botryllophilus inaequipes Hansen, female, a, right leg 3. anterior; b, left leg 3. anterior; c*. right leg

4, anterior; d*, left leg 4, anterior.

dial, 3 [III-V] terminal) and 2 terminal

setae (VI, VII).

Labrum (Fig. 2f) thick, with large round-

ed middistal lobe protruded from anterior

surface.

Mandible (Fig. 2g) consisting of coxa

and elongated palp (basis, exopod, and en-

dopod fused). Coxa with minute tubercles

on anterior surface, and gnathobasic medial

margin with double rows of comblike spi-

nules (anteriorly ending in 1 longer ele-

ment) and single row of 2 conical and 2
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sharp conical spines (fused at base), from

anterior to posterior. Sharp conical spines

widely separated from merely conical

spines; anterior sharp conical spine with

minute serrations on anterior edge. Palp

with 9 setae: exopodal region with 3 long

setae (1 proximal, 2 distal on common
base) and endopodal region with 6 setae (2

unequal mediodistal, 2 long distolateral,

and 2 long terminal).

Paragnath (Fig. Id, f, g) thick, bean-

shaped, about twice as long as wide, located

close to medial margin of oral sclerite sur-

rounding mandible and maxillule. Outer

surface sclerotized and distal half separated

from body.

Maxillule (Figs. Id, 2h) consisting of

precoxa and palp (coxa, basis, and exopod

fused; endopod distal). Precoxa with 6 plu-

mose medial setae; 2 of them (black dots)

stout. Epipodite of coxa represented by

small lateral lobe with 1 small apical seta.

Basis represented by 2 setae directed dis-

tally and setules proximal to them on me-

dial margin. Exopod represented by 3 setae

(1 directed proximally, 2 directed distally)

and 1 small distolateral projection (longer

than wide) next to endopod. Endopod wider

than long, with 3 long setae along distal

margin. Setae on palp simple.

Maxilla (Fig. 3a) divided into 3 portions,

bearing 9 setae. Proximal portion (precoxa)

with 2 setae (I, II), middle portion (coxa)

with 4 setae (III+2, IV), and distal portion

(basis and endopod fused) with 3 setae (V-

VII); 2 subordinate setae on posterior side

of major seta III. Four setae (I-IV) plu-

mose, 2 setae (proximal subordinate, major

V) coarsely serrated, and remaining 3 setae

(1 distal subordinate, 2 major [VI, VII])

simple.

Maxilliped (Fig. 3b) consisting of coxa

with 1 small medial seta proximally, basis

with 2 similar setae (anterior, posterior) on

medial margin, and 3-segmented endopod.

In endopod, major articulation between first

and second segments. Claw-shaped third

segment tridentate at apex, and weakly ar-

ticulated with second segment, this with 2

minute setae on posterior side.

As seen in right legs 3 and 4 (Fig. 4a,

c*) and left legs 1-4 (Figs. 3c*, d, 4b, d*),

coxa of legs without articulation on body,

and basis with 1 lateral seta, this relatively

long as seen in right leg 3 and left legs 2

and 3. Mediodistal corner of basis also with

patch or row of conical spinules (5—9), as

seen in right legs 3 and 4 and left legs 2

and 3. Similar armature elements on pro-

topods predicted to be present in left legs 1

and 4 (Figs. 3c*, 4d*, shown without spi-

nules by Hansen) and right legs 1 and 2 (not

studied).

Endopods of all right and left legs (Pl-

P4) 2-segmented, longer than wide, as seen

in right legs 3 and 4 (Fig. 4a, c*) and left

legs 1-4 (Figs. 3c*, d, 4b, d*).

Armature on right leg 3 endopod (Fig.

4a) consisting of 5 elements, showing pat-

tern I: 1 sharply pointed long seta on first

segment, and 2 similar setae and 2 unequal

(shorter proximal, longer distal) spiniform

elements (dots) on second segment. Ac-

cording to Hansen (1923: pi. Ill, 2e), right

leg 4 endopod (Fig. 4c*) with 5 setae; 2 of

them (dots), however, supposed to be spi-

niform elements, as seen in right leg 3 en-

dopod or in pattern I. Total number (5) of

elements on right leg 4 endopod identical

to that in pattern I. Armature elements on

endopods of right legs 1 and 2 (not studied)

predicted as seen in pattern I (leg 1 endo-

pod with 8 setae; leg 2 endopod with 7 el-

ements [4 setae, 3 spiniform elements]).

These predicted compositions or numbers

of elements discussed in Remarks.

Armature on endopods of left legs 1—4

(Figs. 3c*, d, 4b, d*) consisting only of

long setae. Armature formula 9, 7, 5, 5 for

left legs 1—4 (1 seta on first segment; re-

maining setae on second segment). Arma-
ture (9) on left leg 1 endopod (Fig. 3c*)

including 1 additional seta on second seg-

ment, but remaining elemental numbers for

left legs 2-4 endopods corresponding to

those in pattern I.

Exopod of right leg 3 (Fig. 4a) 1-seg-
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merited, approximately trapezoidal. Propor-

tional lengths 1:0.9:2:1.9 for 4 margins

(basal, lateral, distal, and medial); medial

margin markedly longer than lateral mar-

gin. Armature comprising 5 stout spines (I-

V) with minute spinular serrations distally,

representing pattern I: 4 (I—IV) protruding

from truncated uneven distal margin, and

remaining 1 (V) protruding from posterior

side of ramus. These 5 spines directed dis-

tally; spine V between spines III and IV.

Proportional lengths 1:0.68:0.68:1.21:0.78

for spines I-V; proximalmost spine (I) dis-

tinctly shorter than distalmost spine (V).

Right leg 4 exopod (Fig. 4c*) longer than

wide, with 4 spines (3 distal, 1 medial),

showing pattern 1. Medial spine corre-

sponding to spine V in right leg 3 exopod.

Spine numbers for exopods of right legs 1

and 2 (not studied) predicted to be 6 and 5,

respectively; in each leg, most spines pro-

truding from distal margin and remaining 1

spine from posterior side of ramus, as seen

in right leg 3 exopod.

Distal margin of right exopod, close to

base of each spine, with spinules, as seen

in exopods of right legs 3 and 4. Spinular

formula: 5, 4, 5, 3 for 4 spines (I—IV) in

right leg 3 (Fig. 4a); 4, 4, 2 for 3 spines

(on distal margin) in right leg 4 (Fig. 4c*).

Spinules (3) close to distalmost spine (IV,

in case of right leg 3) basally fused and

protruded distally, forming mediodistal cor-

ner of ramus. Similar spinular arrangement

probably present in right legs 1 and 2 (not

studied). Spinules absent around spine (V,

in case of right leg 3) protruding from pos-

terior side (legs 1—3) or medial margin (leg

4) of ramus.

Exopods of left legs 1-4 (Figs. 3c*, d,

4b, d*) 1 -segmented, approximately rhom-

boid, 2-2.5 times as long as wide. Lateral

margin corresponding to lateral and distal

margins of right exopods, and bearing se-

tiform elements coiTCsponding to spines

protruded from distal margin of right exo-

pods. Element protruded from posterior

side (legs 1-3) or medial margin (leg 4) of

right leg exopods missing on left leg exo-

pods. Thus, exopods of left legs 1-4 with

formula 5, 4, 4, 3, representing pattern I.

Proportional lengths 1:0.4:0.8:1.8 for 4 se-

tiform elements on left leg 3 exopod (Fig.

4b); distalmost element (IV) evidently lon-

gest. In left legs 2 and 4 (Figs. 3d, 4d*),

distalmost element also longest. This ele-

ment on left leg 1 (Fig. 3c*, arrow) not lon-

gest (probably inadequately illustrated by

Hansen).

Spinular formula on lateral margin of left

leg exopods: 5, 4, 5, 4 in leg 2 (Fig. 3d);

5, 4, 4, 4 in leg 3 (Fig. 4b). Spinules in left

legs 1 and 4 (Figs. 3c*, 4d*, not fully

shown by Hansen) probably present as seen

in left legs 2 and 3.

Armature formula for legs 1-4, including

predicted numbers and composition of ele-

ments, shown in Table 1.

Leg 5 (Fig. 5a, b) almost symmetrical,

short. Length about 28% of that of uro-

some, twice as long as proximal width. Ar-

mature: 3 short setae (1 proximal, 2 distal)

on dorsal margin and 1 long seta terminally.

Proximal seta markedly short, and 2 distal

setae with conspicuous gap between them.

Long terminal setae on both sides lacking

distal portions, so their exact lengths un-

known.

Apparatus at gonopore (Fig. 5c-e) con-

sisting of 2 closely set small conical spines

(larger proximal, smaller distal, both artic-

ulated at base) externally and 7 small scler-

ites internally on medial margin of cuticular

flap covering gonopore. Dorsal surface be-

tween gonopores with 2 hairlike sensilla

posteriorly. Opening of genital atrium close

to posterior margin of ventral metasome

(Fig. 5d, f). Complex of copulatory organs

within atrium divided into 2 portions (right,

left) by medial septum; each portion with

tubular copulatory pore protruding from

surface and leading to corresponding large

seminal receptacle internally (Fig. 6b-e).

Right tubular pore (Figs. 5d, arrow. 6b, CP)

apparently longer than left (Fig. 6c, CP) and

protruding beyond outer edge of oblong

opening of genital atrium (Fig. 6b, GA).

Right and left seminal receptacles (SR)
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Table 1.—Armature formula for legs 1—4 of the female of Botiyllophilus inaequipes. Predicted numbers and

compositions of armature elements on right legs 1 and 2 (not studied) and predicted composition of elements

on right leg 4 endopod are given in italics; total number (T = 5) of elements on right leg 4 endopod is not

predicted number, because it is identical to that in pattern I.

(Right) Coxa; Basis (T) Endopod (T)

0-1; 0-7 (8)

0-1: IU-3 (7)

0-1; II-2 (5)

0-1; 11-2 (5)

0-1; 0-8 (9)

0-1; 0-6 (7)

0-1; 0-4 (5)

0-1; 0^ (5)

Exopod (T)

PI 0-0: 0-1 {1}

P2 0-0: 0-1 (1)

P3 0-0; 0-1 (1)

P4 0-0; 0-1 (1)

(Left)

PI 0-0; 0-1 (1)

P2 0-0; 0-1 (1)

P3 0-0; 0-1 (1)

P4 0-0; 0-1 (1)

VI-0 (6)

V-0 (5)

V-0 (5)

IV-0 (4)

0-5 (5)

0-4 (4)

0^ (4)

0-3 (3)

close together medially, and receptacle duct

(RD) leading from posterolateral corner of

each seminal receptacle (Fig. 6d, e).

Anal segment (Fig. 5g, h) longer than

wide, with about 10 small hairlike sensilla.

Anus opening posterodorsally.

Caudal ramus (Fig. 5g, h) sclerotized,

longer than wide, bearing 2 short setae (lat-

eral, dorsal) and 4 stout claw-shaped spines

with minute serrations distally: lateral spine

(LS) rounded at apex; medial (MS), dorsal

(DS), and ventral (VS) spines pointed at

apex; ventral spine shortest.

Male.—Unknown.
Remarks.—As seen in Table 2, most of

the appendages of Botryllophilus inaequi-

pes, as given in the original paper, have

been emended here. Most appendages, ex-

cept for leg 5, adequately provide diagnos-

tic features of type A (subgroup 1) of the

genus (see Ooishi & Illg 1988; Ooishi

2002).

Left leg 1 endopod (Fig. 3c*) was shown
by Hansen (1923:25, pi. Ill, 2d) to have

nine setae, this bearing one additional ele-

ment in comparison with pattern I (8). Be-

cause right leg 1 is lacking, and also be-

cause Hansen did not allude to it, it is not

certain that right leg 1 endopod also has one

additional seta. In B. abbotti (pattern I), an

additional element on only left endopod has

been considered as a variation in the num-
ber of elements (Ooishi 2000:585).

In formula pattern I, however, the com-

position of armature elements (6) on the

second segment of right leg 2 endopod is

somewhat varied in species of subgroup 1

;

the first segment always has one seta. Three

kinds of compositions can be seen as fol-

lows: (a) II-4 (2 spiniform elements, 4 se-

tae) in B. bamfieldensis (Ooishi 2000:578);

(b) III-3 (3 spiniform elements, 3 setae) in

B. abbotti (Ooishi & Illg 1989:456) and B.

brevipes Sars (Ooishi 2002:829); and (c)

IV-2 (4 spiniform elements, 2 setae) in B.

koreensis (Seo & Lee 1995:84). Several un-

named Botryllophilus species of the same

subgroup (Ooishi, unpublished) have the

second type composition. It is apparent that

the second type (b) occurs rather commonly
in subgroup 1. The probable composition

(III-3) of elements on the same segment

given for B. inaequipes (Table 1) is based

on this fact.

In the original paper by Hansen (1923:

pi. Ill, 2e), four elements on the second seg-

ment of right leg 4 endopod were illustrated

as being all setae. In all other species men-

tioned above, these four elements consist of

two spiniform elements (II) and two setae

(2). Therefore, the same composition of el-

ements is probably present in B. inaequipes.

In any case, the armature formula (4) for

right leg 4 exopod and that (5, 4, 4, 3) for

left legs 1-4 exopod, which have been con-

firmed in this paper, mean that the armature
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O.OSmm

0.1mm

Fig. 5. Botryllophilus inaequipes Hansen, female, a, right leg 5, lateral (terminal seta without distal portion);

b. left leg 5, lateral (terminal seta without distal portion); c. genital segment, dorsal; d, genital segment, lateral

(arrow indicates right tubular copulatory pore); e, gonoporal apparatus, left; f. genital segment, ventral; g, anal

segment with left caudal ramus, lateral (arrow indicates dorsal seta on caudal ramus); h. anal segment with

caudal rami, ventral.
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Fig. 6. Botryllophilus inaequipes Hansen, female, photomicrographs, a, body form, lateral: b. copulatory

organs, ventral, showing right tubular copulatory pore (CP) protruding beyond outer edge of genital atrium

(GA); c, copulatory organs, ventral (vievi'ed from slight right side), showing left tubular copulatory pore (CP);

d, copulatory organs, ventral, showing 2 large seminal receptacles (SR); e, copulatory organs, lateral (bracket

indicates opening of genital atrium; receptacle duct [RD] leading from posterolateral corner of seminal receptacle

[SR]). Scale bar = 0.147 mm in Fig. 6a; scale bar = 0.013 mm in Fig. 6b-e.

formula for the remaining legs evidently

represents pattern I.

In leg 5, two short distal setae have a

conspicuous gap between them, as seen in

species of type B; these setae in type A spe-

cies are closely set and without a gap

(Ooishi & Illg 1988).

Botryllophilus inaequipes is distin-

guished from five congeners of subgroup 1

by the following features: (1) metasome
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Table 2.—Comparative features for appendages of Botryllophilus inaequipes, as given in redescription (Ooishi)

and in description (Hansen 1923): en = endopod, exo = exopod, maj = major seta, se = seta (or setiform

element), sp = spine (or spiniform element), spn = spinule, sub = subordinate seta.

Redescription Description

Antennule

segment I

segment II

segment III

segment IV

Right antenna

Left antenna

Mandible

Maxillule

Maxilla

Maxilliped

Right legs

Left legs

Legs
Caudal ramus

5 maj, 3 sub, 1 se

2 maj, 2 sub

1 maj, 2 sub

1 maj, 11 se

not studied

7 se

coxa, 2 rows of spn, I row of 2 conical sp

& 2 sharp conical sp (fused at base);

exo, 3 se; endo, 6 se

precoxa, 6 se; coxa, 1 se; basis, 2 se; exo,

3 se; endo, 3 se

7 maj, 2 sub

coxa, 1 se; basis, 2 se; endo, 2 se

legs 1 & 2 not studied; leg 3 (endo, 3 se,

2 sp; exo, 5 sp)

leg 2 (endo, 7 se; exo, 4 se), leg 3 (endo,

5 se; exo, 4 se)

4 se

2 se, 4 sp

5 maj

2 maj, 2 sub

1 maj

1 maj, 7 se

5 sp, 2 se

not given

coxa, 1 row of spn, 2 conical sp & 2 sharp

conical sp (fused at base); exo, 3 se;

endo, 5 se

not given

not given

not given

legs 1 & 2 not given; leg 4 (endo, 5 se;

exo, 4 sp)

leg 1 (endo, 9 se; exo, 5 se), leg 4 (endo,

5 se; exo, 3 se)

not given

4 sp (not illustrated)

distinctly segmented; (2) leg 5 resembling

that of species of type B; (3) labrum with

middistal lobe on anterior margin; (4) par-

agnath with free distal portion; and (5) cop-

ulatory organs comprising two tubular cop-

ulatory pores and large seminal receptables.
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Abstract.—Many species of Pseudodiaptomus are known from the southeast

Asia region. An ongoing review of this genus has produced 58 species from

the eastern Indian Ocean and western Pacific Ocean coasts, from Japan to

Australia. Range extensions for P. ornatus and P. andamanensis are noted for

Australia and Japan, and for Thailand respectively. The previously unknown
male of P. ornatus and the female genital structure of both species are de-

scribed; the zoogeography of the genus is discussed.

Pseudodiaptomidae Sars (1902) contains

three recognized genera, two of which are

monotypic and freshwater, Archidiaptomus

aroorus Madhupratap & Haridas, 1978 re-

ported only from Cochin, India and Cal-

anipeda aquaedulcis Kritschagin, 1873

which appears to be restricted to the Euro-

pean continent and Ponto-Caspian region.

Poppella guerni Richard, 1888 and Siatella

durbini Labbe, 1927 have been synony-

mized with C. aquaedulcis. The genus

Pseudodiaptomus Herrick, 1884 currently

consists of 74 species extending world-wide

(approximately 50°N-50°S). Species are

found in shallow, coastal, freshwater to hy-

persaline conditions, and they are demersal.

Mazellina Rose, 1957, Schmackeria Poppe

& Richard, 1890, Weismannella Dahl,

1894, and Heterocalanus T. Scott, 1894 are

synonyms of Pseudodiaptomus.

Species of Pseudodiaptomus have very

similar mouthparts; swimming legs rarely

vary in shape, spination or setation and are

of little use in the determination of species.

The main characters used to distinguish the

species are: fusion or not of the cephalo-

some and first pedigerous somite, shape of

fifth pedigerous somite, urosome shape and

ornamentation, especially the female genital

double somite, and the fifth swimming leg

(leg 5) of males and females.

Pseudodiaptomus ornatus and P. anda-

manensis, redescribed in this paper, belong

to the Improcerus species group as defined

by Walter (1986a). The left male leg 5 has

a simple left endopod that is usually large

and variably spatulate, while the female leg

5 basis possesses small, bluntly triangular

processes at the distomedial corners. Re-

descriptions are necessary because P. or-

natus (Rose 1957) was previously known
only from females and P. andamanensis

Pillai, 1980 requires a more detailed de-

scription and report of range extension. The

use of the Scanning Electron Microscope

(SEM) has revealed some additional tea-
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tures especially for the female genital aper-

ature structures. The collections of demersal

plankton from Japan and Thailand, from

Australia and from the Philippines provide

specimens for this research, as well as for

several new species to be described in sub-

sequent papers.

The United States National Museum is

abbreviated USNM. All measurements

were done with a calibrated ocular micro-

meter in millimeters. Morphological termi-

nology basically follows that of Huys &
Boxshall (1991). Prosome length was mea-

sured laterally from the cephalon to the pos-

terior margin of the prosome, and urosome

length was measured from the insertion

point to the distal tip of the caudal rami.

Because the posterior corners of the fifth

pedigerous somite overlap the prosome-

urosome articulation, total length may be

less than combined lengths of prosome and

urosome. Mouthparts and swimming legs

1-4 are not described because they do not

differ from those reported by Reddy & Rad-

hakrishna (1982), Nishida (1985), Walter

(1986a) and Soh et al. (2001).

General description of the species.—The
following characteristics are common to

both species. Cephalosome separate from

first pedigerous somite, somites 4-5 com-
pletely fused dorsally, with posteriorly di-

rected processes on each side of the artic-

ulation between prosome and urosome.

Male fused somite with rounded posterior

corners. Female urosome comprised of 4

somites, the first to third with row of small

dorsoposterior scale-like spines, genital

double somite ventral surface with paired

genital flaps, spinule rows anterior to gon-

opore, pair of posterior spinulose hair-sen-

sillae, and pair of fine setae. Genital double

somite without seminal receptacles, with 1

or 2 pairs of hair-sensillae present ventro-

laterally. Single egg sac. Male urosome of

5 somites, the second to fourth with row of

small dorsoposterior scale-like spine rows.

Female and left male antennule with 21

segments; male right antennule with 20 seg-

ments, segment 6 is a compound segment

with a suture visible (Fig. 5E). Female and

left male antennule, segment 19 has a mod-
ified "barbed seta" which is a heavily chi-

tinized spine, serrate along distal half and

extending to almost the tip of segment 21

(Fig. 5F). Armature elements for segments

1-13, 16, 20, 21 as follows [segment num-
ber = seta(e) number -I- (spine or process)]:

1 =3, 2 = 3, 3 = 3-F(l rudimentary), 4-

5 = 3, 6 = 3 + (1 spiniform), 7-8 = 2, 9

= 2 + (1 spiniform), 10-16 = 2, 17-18 =

1, 19 = 1 + (1 distally serrate spiniform),

20 = 1 + (1 rudimentary), 21 = 6 with

aesthetasc. Male right antennule: 7-9 seg-

ments irregularly modified, geniculation be-

tween 17—18 segments. Armature elements

as follows: segments 1-3, 6, 8-13, 15, 19-

20 with aesthetasc. 1 = 2 + (1 rudimenta-

ry), 2 = 3, 3 = 2, 4 = 1, 5 = 3 + (1

rudimentary), 6 = 3, 7 = 1 + (1 spiniform),

8-10 = 2, 11-12 = 2 + (1 spiniform), 13

= 2, 14-15 = 2 + (1 spiniform), 16 = 1

+ (1 process), 17 = 1 -I- (comb-row pro-

cess. Fig. 4A), 18 = 2 -I- (1 rudimentary, 1

large spiniform), 19 = 2 + (2 rudimentary),

20 — 6. Proximal spiniform seta on 12th

segment recurved, reaching distal margin of

segment 13.

Female leg 5 both coxae fused with in-

tercoxal sclerite to form a common base

(anterior surface with proximal setae), basis

asymmetrical with 2 pairs of small surface

setae and one large setulose seta. Exopods

3-segmented, segments 1-2 with distolater-

al spine, segment 1 with 2 pairs of small

surface setae, and medial surface lined with

fine setules. Segments 2-3 acutely pro-

duced distally, segment 2 with pair of fine

surface setae, segment 3 spine-like with

small proximomedial process, all fringed

with setules. Male urosome of 5 somites,

somites 2—4 with row of small posterodor-

sal, scale-like spine rows. Male leg 5 asym-

metrical, in posterior view coxae and inter-

coxal sclerite fused to form common base,

distomedial corners acute, (anterior surface

with proximal setae). Basis with 2 small

surface setae, one large setulose seta and

lateral spinule row that continues onto an-

terior surface at mid-length (both legs with
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Fig. L Pseudodiaptomus ornatus, female (A-D). A, Habitus, dorsal view; B, Habitus, left lateral view; C,

Genital double somite, ventral view; D, Leg 5, posterior view. Scale bars: A-B, scale = 1.0 mm, C-D, scale =

0.1 mm.

anteriorly inserted endopods). Right endo-

pod short with terminal seta and left endo-

pod larger with variable shape. Right leg:

3-segmented exopod, segment 1 with acute-

ly produced distolateral margin and 3 sur-

face setae, segment 2 with distolateral spine

and 2 surface setae, segment 3 simple,

proximal end swollen medially, curved and

setulose, with 2 proximal surface setae. Left

leg: 2-segmented exopod, segment 1 with

large elongate distolateral spine and 2 small

surface setae, segment 2 large, vaiiably

shaped, with lateral spine and 6-8 surface

setae (anterior surface with fine spinule

patches).

Pseudodiaptomus ornatus (Rose, 1957)

(Figs. lA-D. 2A-E, 3A-B, 4A-C)

Mazellina ornata Rose, 1957:332-336, figs.

10-12 (female only).
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A-B C D-E

Fig. 2. Pseudodiaptomus ornatus, male (A-E). A, Habitus, dorsal view; B, Habitus, left lateral view; C,
Urosomites 1-2, ventral view; D, Leg 5, posterior view; E, Leg 5, anterior view. Scale bars: A-B, scale =1.0
mm, C, scale = 0.5 mm, D-E, scale = 0.1 mm.
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Fig. 3. Pseudodiaptomus ornatus, female (A-B). A, Genital double somite, ventral view: B, Leg 5. posterior

view; Scale bars: A-B, scale = 0.1 mm.

Pseudodiaptomus ornatus Walter, 1986a:

141-142, fig. 5A-D (female only).

Pseudodiaptomus trispinosus Walter,

1986a: 142-144, fig. 6E-I (male only),

[new synonomy].

Material.—P. ornatus North Pacific

Ocean, Japan, Okinawa Islands, Kerama
Retto, Agenasiku Island, coll. by S. Oht-

suka, 4-9 m, 20 May 1989, USNM 250697.

22 females, 29 males; Okinawa Islands,

Aguni Island, coll. by S. Ohtsuka, 9-12 m.

30 May 1999, USNM 288078, 2 females. 1

male; Okinawa Islands, Aguni Island, coll.

by S. Ohtsuka, 9-12 m. 30 May 1999.

USNM 309756, 1 male; Philippines. Luzon

Island, Quezon province, Tayabas Bay, Pa-
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Fig. 4. Pseudodiaptomus ornatus, male (A—C). A, Antennule at geniculation of segments 17—18; B, Leg 5,

posterior view, arrow indicates produced right basis proximomedial corner; C, Leg 5, anterior view. Scale bars:

A, scale = 0.05 mm, B-C, scale = 0.1 mm.

dre Burgos, 13°53'N 112°47'E, coral reef,

coll. by T. C. Walter, 3 m, 10 January 1981,

USNM 210656, 1 female; USNM 210657,

2 females (leg 5 on slide); South Pacific

Ocean, Australia, Queensland, Great Barri-

er Reef, Davies Reef, coll. by A. D.

McKinnon, 8 m, 01 December 2000,

USNM 310675, 2 females, 2 males. Pseu-

dodiaptomus trispinosus, North Pacific

Ocean, Philippines, Luzon Island, Quezon
province. Padre Burgos, coll. by T. C. Wal-

ter, 3 m, 7-10 January 1981, USNM

210660, 1 male, holotype, USNM 210662,

3 males, paratypes.

Description.—Female (Figs. lA-D, 3A-
B, Table 1). Additions to Walter's (1986a)

description as follows. Genital double so-

mite asymmetrical with 2 pairs of dorsal se-

tae, right anterolateral surface slightly pro-

duced forming a knob-like process at mid-

length, left anterolateral surface more
strongly produced with a double knob-like

process extending onto dorsal surface and

forming U-shaped cleft between knobs
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Table L—Body measurements of P. ornatus and P. andamanensis. (No. = number of specimens measured,

X = average length of individuals measured, Pr x = prosome, average length in (mm), Ur x = urosome, average

length in (mm), Pr : Ur = prosome : urosome ratio.

Sex No. Length (mm) X Pr X Urx Pr:Ur

P. ornatus

Okinawa

Female 22 2.30-2.38 2.34 1.62 0.75 2.1:1

Male 29 1.95-1.99 1.97 1.30 0.60 2.2:1

Philippines

Female 3 2.10-2.32 2.20 1.58 0.73 2.1:1

Male 4 1.86-1.90 1.88 1.28 0.58 2.2:1

Australia

Female 2 2.40-2.50 2.45 1.70 0.78 2.2:1

Male 2 2.02-2.10 2.06 1.48 0.66 2.2:1

P. andamanensis

Female 1 2.19 2.19 1.50 0.72 2.0:1

Male I 1.80 1.80 1.24 0.60 1.9:1

(knobs and cleft absent on swollen process

of Australian specimens), 2 pairs of dor-

soanterior setae and 3 lateral setae on each

side. Posterodorsal margin of somite with

incomplete row of small triangular scale-

like spines on specimens from Japan and

Philippines; Australian specimens with a

complete row of spines and additionally,

urosomite 2 with an incomplete spine row.

Ventral surface of genital double somite,

left side (Figs. IC, 3A) with 2 medially di-

rected, large, curved spiniform processes

protruding from swelling above gonopore,

2 anterior rows of spinules, on medial and

on right side, and a slightly asymmetrical

pair of posteriorly directed lamelliform pro-

cesses at base of paired gonopores, left pro-

cess slightly longer. Urosomites and caudal

rami with proportions 30:15:20:13:22 =

100. Antennule as in P. andamanensis (Fig.

5E) except without fine anterior spinules on

segment 1. Leg 5 slightly asymmetrical,

posterior view (Figs. ID, 3B), with disto-

medial corners of coxae acute, distomedial

corner of left basis produced distally to

form an elongate process, distomedial cor-

ner of right basis rounded. Exopod segment

1 (left and right) medial margin lined with

fine setules and 2-3 small distolateral spi-

nules between spine and exopod segment 2.

Male: (Figs. 2A-E, 4A-C, Table 1).

Body similar to that of female. Urosomite

1, right lateral surface slightly produced at

midlength with single seta, ventral surface

with several fine posterior setae (Fig. 2C)

on right side only on specimens from Japan;

specimens from Philippines with 3 setae,

setae lacking on the Australian specimens.

Length of spermatophore more than half the

length of prosome. Urosomite 4 with pos-

terodorsal spine row incomplete ventrally

as in original description. Urosomites and

caudal rami with proportions 11:22:18:18:

11:20 = 100. Right Al armature at geni-

culation shows modified comb-row process

on segment 17, anterior surface with small

proximal and large distal curved spiniform

processes on segment 18 (Fig. 4A).

Leg 5, posterior view (Figs. 2D, 4B),

right leg, basis with proximomedial corner

largely produced with small distomedial

seta, endopod anteriorly placed (Figs. 2E,

4C), short, digitiform, tapering distally with

terminal spiniform setule. Exopod segment

1, distolateral corner produced distally

reaching base of lateral spine of segment 2,

armed with several small spinules proxi-

mally and medially setulose. Segment 2

with distolateral patch of fine surface spi-

nules. Left leg, proximomedial corner of
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basis rounded with endopod anteriorly

placed (Figs. 2E, 4C), proximally swollen,

long, tapering distally, with few fine spi-

nules at rounded apex, reaching % the

length of second exopodal segment. Exo-

pod segment 1, small, triangular with lateral

spine elongate and distally directed, with

fine setules along distomedial margin. Seg-

ment 2 elongate with 8 surface setae and

distolateral spine, distal third of segment

hyaline in appearance marked by distal line

(Fig. 2D,E). This segment variably shaped

depending on view, in lateral view appears

medially curved (Fig. 4B) from proximal

end to midlength.

Remarks.—Rose (1957) established the

new genus and species Mazellina ornata

collected from Vietnam, based on his ob-

servations of the modified setae on the dis-

tal segments of the maxilliped. These mod-
ified setae are not unique to this genus and

species, but are present in all species of the

genus Pseudodiaptomus. The species was

based only on the female. Rose reported fe-

males of 2.00 mm in length, which is slight-

ly smaller than the size of specimens in this

paper which ranged from 2.10-2.50 mm;
the largest specimens are from Australia.

Amendments to the redescription of P. or-

natus by Walter (1986a) are as follows:

ventral surface of female genital double so-

mite with recurved pair of spines arising

from a process on the left side anterior to

the genital aperature; posterodorsal scale-

like spines incompletely developed in spec-

imens from Japan and Philippines, but com-

plete in Australian specimens; female leg 5

basis with triangular process on the left leg,

not right as stated in Walter (1986a).

The female specimens of P. ornatus stud-

ied by Rose are not extant (pers. comm. Dr.

R. Vaissiere, Musee Oce'anographique,

Monaco). The redescription (Walter 1986a)

of P. ornatus was based on female speci-

mens only. In the same paper, the closely

related new species P. trispinosus Walter,

1986 was described based on both females

and males. The co-occurrences of females

and males of P. ornatus in the present study

indicate that the female allotype of P. tris-

pinosus is not conspecific with the male ho-

lotype. The USNM male holotype and fe-

male allotype of P. trispinosus will retain

their same USNM numbers and the original

name, which is now a synonym of P. or-

natus. Future collecting in the Philippines

or adjacent areas of the Indo-Pacific should

result in the discovery of the male which is

conspecific with the now unnamed female

allotype incorrectly referred to as P. tris-

pinosus in Walter (1986a).

The original description of the male of P.

ornatus (described as P. trispinosus Walter,

1986a) is amended as follows: Urosomite 1

right ventral surface with row of posterior

setae (not present on Australian specimens),

three small posterior setae (not spines) on

the right lateral surface of urosomite 1 of

Philippine specimens, urosomite 1 of spec-

imens from Japan and Australia with one

right lateral seta, leg 5 coxae are without

distoposterior or proximoanterior spinule

rows. The range of P. ornatus extends from

the Okinawa Islands, Japan to Queensland,

Australia.

Pseudodiaptomus andamanensis Pillai,

1980

Figs. 5-8

Pseudodiaptomus andamanensis Pillai,

1980:256-260, fig. 3.—Ohtsuka et al.,

2000:135-137, fig. 4.

Material.—Indian Ocean, Andaman Sea,

Thailand, Ko Aew Island, Phuket Island,

coll. by S. Ohtsuka, 9-13 m, 19 December
1997, coral sandy bottom, 1 female, 1 male,

USNM 253015.

Description.—Female (Figs. 5A-E, 7A—
C, 8A-B, Table 1) body robust, with red-

colored naupliar eye. Pedigerous somite 5,

posterodorsal corners acute with right lat-

eral posterior corner slightly smaller, with 2

dorsolateral acutely pointed posteriorly di-

rected processes, minute setules along pos-

terodorsal margin between dorsolateral pro-

cesses (Fig. 5A-B). Genital double somite

(Figs. 5C, 7A-C) with acute anterodorsal
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process on right side, posteriorly directed

reaching proximal third of somite, ventral

surface with 4 rows of spinules at mid-

length, right posteroventral row on rounded

process, asymmetrical pair of posteriorly

directed lamelliform processes at base of

paired gonopores located beneath the gen-

ital operculum (Fig. 7B), left process longer

and thicker, and pair of posteroventral spi-

nulose hair-sensilla (Fig. 7C). Urosomite 3

with minute posterodorsal setules. Urosom-

ites and caudal rami in the proportions 3 1

:

18:18:11:22 = 100. Antennule (Fig. 5E)

with several fine anterior spinules on seg-

ment 1. The labrum (Fig. 8A) bilobed, each

lobe with relatively long setules. Leg 5,

posterior view (Figs. 5D, 8B), distomedial

corners of coxae slightly rounded, disto-

medial comer of left basis produced and bi-

furcate, right smooth and less produced

with pair of small setae at produced corner.

First exopod segment with row of fine spi-

nules along medial margin, and triangular

patch of acute spinules (Fig. SB) at disto-

lateral corner. Second exopod segment with

proximolateral fine setules proximal to

spine.

Male (Fig. 6A—B, Table 1) prosome sim-

ilar to that of female, except pedigerous so-

mite 5 with rounded posterolateral corners.

Urosomites and caudal rami in the propor-

tions 16:18:18:18:12:18 = 100. Right an-

tennule geniculate (Fig. 6E). Leg 5, poste-

rior view (Figs. 6C, 8C), right leg: basis

with endopod inserted anteriorly (Fig. 6D),

short, tapering distally with terminal spini-

form setule. Exopod segment 1 quadrate,

acutely produced at distal corners, with 1

distomedial spine adjacent to base of exo-

pod segment 2, 1 medial and 2 surface se-

tae, distolateral corner acute with small spi-

nule. Exopod segment 2 elongate, with

small medially directed spinule at mid-

length and 1 surface seta, distolateral spine

% length of segment (inserted anteriorly).

Left leg: basis with anteriorly inserted en-

dopod (Fig. 6D), bulbous at base, indented

at midlength, and with distal digitform pro-

cess. Exopod segment 1 triangulate with

large terminal stout recurved spine strongly

spinulose. Exopod segment 2 inserted an-

teriorly, somewhat ovate, medially directed

at right angle, distally acute, with 4 trian-

gular sclerotized medial processes, 6-7 sur-

face setules and thickened along midlength,

(anterior surface with proximolateral stout

spinulose spine, proximomedial patch of

fine setules, and second lateral patch along

midlength).

Remarks.—Specimens collected from
Phuket, Thailand, generally agree with the

original description of Pillai ( 1 980) for ma-

terial from Port Blair, South Andaman Is-

land, except as follows (descriptions in pa-

rentheses are those of Pillai). Female uro-

some somite 3 with fine dorsal setules (2

spines on mid-dorsal margin); anal somite

without row of small triangular scale-like

spines along posterior margin (with finely

serrated shields, partly overlapping caudal

rami anteriorly). Male genital somite

smooth on left side (with small tubercle on

left mid-margin); three segments of right

antennule beyond geniculation (only 2 seg-

ments beyond hinge); right leg 5 endopod

tapering distally, with terminal spiniform

seta (bifid at tip).

Discussion

Female genital structure.—The female

genital systems of calanoid copepods have

recently been analysed in detail by Cuoc et

al. (1989, 1997), Huys & Boxshall (1991).

Ohtsuka et al. (1994), Barthelemy et al.

(1998a,b), Barthelemy (1999) and Defaye

et al. (2000) in order to re-evaluate the sys-

tematics, phylogeny, and evolution of the

order Calanoida. Scanning electron micros-

copy has clearly revealed that these cope-

pods are much more diversified than pre-

viously reported, and distinctly exhibit sev-

eral evolutionary tendencies. For example,

most of relatively advanced calanoids bear

a single genital operculum, beneath which

paired gonopores and copulatory pores are

located, while the early divergent superfam-

ily Arietelloidea shows a wide variety of
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Fig. 5. Pseudodiaptomus andamanensis, female (A—E). A, Habitus, dorsal view; B, Habitus, right lateral

view; C, Genital double somite, ventral view; D, Leg 5, posterior view; E, Antennule; E Antennular segment

19 specialized seta. Scale bars: A-B, scale = 1.0 mm, C-E, scale = 0.1 mm, F, scale = 0.05 mm.
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Fig. 6. Pseudodiaptomus aiukiimincnsis, male (A-E). A, Habitus, dorsal view; B. Habitus, right lateral view:

C, Leg 5, posterior view; D, Leg 5, anterior view; E, Antennule. Scale bars: A-B. scale = 1.0 mm. C-E, scale

= 0.1 mm.
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Fig. 7. Pseudodiaptomus andamanetisis, female (A-C). A, Genital double somite, ventral view, genital atri-

um indicated by large arrow, left hair-sensillum by small arrow; B, Genital double somite, ventral view, mag-

nified, (g) genital operculum, genital atrium indicated by large arrow; spermatophore remnant to the right of

arrow; C, Genital double somite, ventral view of left hair-sensillum (magnification of A, indicated by small

arrow). Scale bars: A-B, scale = 0.1 mm, C, scale = 0.01 mm.
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Fig. 8. Pseudodiaptomus andamcmensis. female (A-B). A, Labrum, ventral view; B, Leg 5, distolateral view

of first segment; Male C, Leg 5, posterior view. Scale bars: A-C, scale = 0. 1 mm.
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Table 2.—Number of egg-sac(s) for the species groups of Pseiidodiaptomus.

Species group No. of esg-sac(s)

Nudus single

Americanus paired

Burckhardti unknown

Improcerus single (mostly)

paired (P. pauliani)

Lobus paired

Hyalinus single

Ramosus single

Walter (1989); present study

Walter (1989); present study

Grindley (1963), present study

Dussart (1982)

Soh et al. (2001); present study

Ohtsuka et al. (2000); present study

Soh et al. (2001); present study

evolutionary trends (Ohtsuka et al. 1994,

Cuoc et al. 1997). The superfamily Centro-

pagoidea, which includes the families Pseu-

dodiaptomidae and Acartidae, exhibits a

similar genital system pattern, with the ex-

ception of the genus Acartia (Barthelemy

1999). The centropagoid egg-laying ducts

typically open via an adjacent pair of gon-

opores into the genital atrium, which is cov-

ered with a single genital operculum and

opens to the outside through a distal atrial

slit; there are no seminal receptacles (Bar-

thelemy et al. 1998a). Light and scanning

electron microscopic observations (Ohtsuka

et al. 2000, Soh et al. 2001, present study)

suggest that pseudodiaptomids are similar

to this pattern of the Centropagoidea. How-
ever, the paired genital flaps flanking the

genital operculum and the combination of

single or paired egg sacs appear to be

unique for species of the Pseudodiaptomi-

dae. Species of Diaptomidae, Eurytemora

(Temoridae), Boeckella, and Osphranticum

labronectum Forbes, 1882 (Centropagidae)

carry only one egg-sac and lack genital

flaps in the female (Huys & Boxshall 1991,

Barthelemy et al. 1998a). Genital flaps of

Pseudodiaptomidae may play a role in the

formation and guidance of the egg-sac(s)

after eggs are released from the genital atri-

um or the gonopores. For example, the gen-

ital flaps of the Hyalinus species group

(Walter 1984, 1986a, 1987; Ohtsuka et al.

2000) are typically long and spiniform pro-

cesses that taper distally at the tip. They
may be analogous to the ovigerous spines

of monstrilloids on which one or more egg

masses are attached (Huys & Boxshall

1991). The morphology of the female gen-

ital double somite of Pseudodiaptomus ap-

pears to be species-specific and should

prove useful for the taxonomy of the genus.

Features that are significant are symmetry

of the genital structures; relative position of

the paired gonopores; presence or absence

of a genital operculum; shape of genital

flaps; and number and distribution of swell-

ings, prominences, and hair-sensilla (Oht-

suka et al. 2000, Soh et al. 2001, present

study).

Females of some species of Pseudodiap-

tomus carry only a single egg-sac, while

others carry a pair. The number of egg-sacs

(Table 2) appears constant within six of the

seven pseudodiaptomid species-groups, es-

tablished by Walter (1986a). A single egg-

sac is found in the Nudus, Hyalinus, and

Ramosus groups; paired egg sacs are found

in the Americanus and Lobus groups. The

Improcerus group contains both with P.

pauliani Brehm, 1951 bearing paired egg-

sacs in contrast to the others with a single

one; the number of egg-sacs of P. anda-

manensis or P. batillipes Brehm, 1954 is

not known. Comparison of SEM ventral

views of the female genital double somite

of P. ornatus and P. andamanensis (Impro-

cerus group: Fig. 3A, Fig. 7A, respective-

ly), P. clevei A. Scott, 1909 (Nudus group:

Fig. 9E-F), P. trihamatus Wright, 1937 and

P. bowmani Walter, 1984 (Hyalinus group:

Fig. lOA, Fig. lOB, respectively), P. nihon-

kaiensis Hirakawa, 1983 and P. marinus

Sato, 1913 (Ramosus group: see Soh et al.
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Fig. 9. Pseitdodiaptomus inopimis, female (A-B). A, Genital double somite, ventral view; B. magnification

of same view; Pseiidodiaptonnis annandalei, female (C-D). C. Genital double somite, ventral view; D, magni-

fication of same view; Pseiidodiaptonnis clevei, female (E-F). E, Genital double somite, ventral view; E mag-

nification of same view. Scale bars: A-F, scale = 0. 1 mm.

2001, Fig. 8A, Fig. 8B, respectively) show
that these species have a genital operculum

and a single egg-sac. Three species of the

Lobus group, P. inopinus Burckhardt, 1913,

P. annandalei Sewell, 1919 (Fig. 9A-B,
Fig. 9C-D, respectively), and P. poplesia

(Shen 1955) (see Soh et al. 2001, Fig.

3A,B) do not have a genital operculum and

have paired egg sacs, thus suggesting that

the presence or absence of a genital oper-

culum covering the paired gonopores is cor-

related the number of egg-sacs. In the spe-

cies (or groups) with a single egg-sac, the

genital operculum is present and the paired



VOLUME 115, NUMBER 3 665

Fig. 10. Pseudodiaptomiis trihamatus, female A, Genital double somite and second urosomal segemt, ventral

view; Pseudodiaptomus bowmani, female B, Genital double somite, ventral view. Scale bars: A-B, scale = 0.01

mm.

genital flaps, which are expansions of the

opercular pad (Cuoc & Defaye, pers.

comm.), partially or completely cover the

gonopore. The two strings of eggs are re-

leased from the gonopores into a single

egg-sac within the genital atrium. In con-

trast, when the paired gonopores are ex-

posed and there is no distinct genital oper-

culum, as in P. inopinus and P. poplesia,

the two strings of eggs are released from

the gonopores directly into paired egg-sacs

which may be modified. An example of

modified egg sacs are those of P. annan-

dalei which are lateral in position, as con-

trast to P. inopinus and P. poplesia which

are ventrolateral. The paired genital flaps of

P. annandalei are close to each other me-
dially, but laterally they expand beyond the

lateral margin of the genital double somite.

This arrangement seems to result in two lat-

eral egg-sacs separated by a slit between the

somite and the flaps. In addition, the dis-

tance between both gonoporal slits may be

related to the number of egg sacs in pseu-

dodiaptoraids (Cuoc, pers. comm.). The ab-

sence of a genital operculum is found also

in a monotypic genus Sulcanus in the cen-

tropagoidean family Sulcalidae (Barthele-

my et al. 1998a). So the absence of a genital

operculum in some may have evolved con-

vergently within the Centropagoidea.

Zoogeography of Indo-West Pacific spe-

cies.—SewcW (1956), Grindley (1984),

Madhupratap & Haridas (1992) and Walter

(1986b) inferred on the basis of the present

distribution and the plate tectonics that the

ancestors of Pseudodiaptomus may have

originated in the Cretaceous and spread

through the Tethys Sea. In contrast, the cla-

distic analysis of Ohtsuka & Reid (1998)

strongly suggests that another brackish/

coastal calanoid genus Tortanus, which has

almost the same distributional pattern as in

Pseudodiaptomus (Indo-West Pacific plus

western Atlantic, lacking completely in the

northeastern Atlantic), could have originat-

ed from the Indo-Malayan region after the

closure of the Tethys Sea (Miocene). They
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Table 3.—Distributional patterns for Indo-West Pacific nominal species of Pseudodiaptomus. Type I: wide

distribution of the Indo-West Pacific; Type II: confined distribution mainly or restrictedly in the Indian Ocean;

Type III: confined distribution mainly or restrictedly in the West Pacific.

Species group Distributional type Species

Nudus Type I

Burckhardti Type I

Improcerus Type II

Type III

Lobus Type I

Type II

Type III

Hyalinus Type I

Type II

Type 111

Ramosus Type 11

Unassigned

Type III

Type II

Type III

P. clevei

P. burckhardti

P. andamanensis, P. batillipes, P. hessei, P. pankajus, P. pauliani,

P. stuhlmanni

P. ornatus

P. annandaelei, P. tolUngerae

P. binghami, P. lobipes, P. malayalus

P. brehmi, P. bulbosus, P. forbesi, P. inflatus, P. inopinus, P. inopinus

saccupodus, P. poplesia, P. poppei, P. spatulatus, P. smithi

P. aurivilli, P. baylyi, P. mertoni

P. bowmani, P. compactus, P. occidentalis, P. sewelli

P. bispinosus, P. dauglishi, P. griggae, P. incisus, P. trihamatus

P. ardjuna, P. hickinani, P. hypersalinus, P. jonesi, P. salinus,

P. serricaudatus

P. australiensis, P. caritus, P. colefaxi, P. cornutus, P. diadelus,

P. galleti, P. inflexus, P. ishigakiensis, P. marinus*, P. nihonkaiensis,

P. pacificus, P. philippinensis

P. heterothrix, P. masoni, P. nankauriensis

P. bulbiferus

* The species assigned to P. marinus from the Andaman Sea and Mauritius is suggested to be another species.

also noted that, the northwestern Atlantic

subgenus Acutanus is one of the last off-

shoots of the five subgenera. Although a

strict cladistical analysis has not yet been

employed for the members of Pseudodiap-

tomus, apomorphies of the American spe-

cies group (Walter 1989) such as the ab-

sence of a right endopod of male leg 5 and

the asymmetry of caudal rami support the

idea that the American species could have

derived from an Indo-West Pacific ancestor.

The ancestor could have been introduced to

the western Atlantic via passages in the

middle and northern South America before

the closure of these passages (Pliocene), as

has been proposed for the evolution of Tor-

tanus by Ohtsuka & Reid (1998). This sce-

nario can be applicable to the history of one

of the pseudodiaptomid species groups, the

Nudus group, which is unique in that it is

comprised of only two species lacking both

right and left endopods on male leg 5, an

Indo-West Pacific species, P. clevei and a

South American species, P. gracilis (Dahl,

1894). One-way transoceanic dispersal

from the Indo-Malayan to the western At-

lantic in the Miocene and Pliocene for non-

copepods is also suggested for a pelagic

shrimp Acetes (van der Spoel 1983).

Extant species of Pseudodiaptomus have

a worldwide distribution and include 74

nominal species at present. Among them 58

species have been recorded from the Indo-

West Pacific. A recent paper discussed the

zoogeography of Pseudodiaptomus species

occurring in the Gulf of Thailand and the

Andaman Sea (Ohtsuka et al. 2000) and in-

troduced three basic types of distribution

patterns for the Indo-West Pacific species of

Pseudodiaptomus. The boundaries for the

patterns are based on general geographical

concepts: Type I—wide distribution in the

Indo-West Pacific; Type II—confined dis-

tribution mainly or restrictedly to the Indian

Ocean (some species extending to southern

Africa); Type III—confined distribution

mainly or restrictedly to the West Pacific

(Table 3); species synanthropically intro-

duced outside their original habitat are ex-

cluded from Table 3 \P. marinus in Hawaii,
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U.S.A. (Jones 1966), P. marinus and P.for-

besi (Poppe & Richard 1890) in California,

U.S.A. (Orsi & Walter 1991), P. inopinus

in Washington and Oregon, U.S.A. (Cordell

et al. 1992), and P. trihamatus in Brazil

(Medeiros et al. 1991)].

Remarkable climatic or hydrological

events in East and Southeast Asia such as

regressions, upwellings, and inflows of

freshwaters during the Pleistocene glacial

periods could have caused the speciation of

parts of Indo-West Pacific species of Pseu-

dodiaptomus, as hypothesized for the spe-

ciation mechanisms of a pontellid species

group, Labidocera pectinata group (Fle-

minger 1986) and of a Tortanus subgenus

Eutortanus (Ohtsuka et al. 1992, Ohtsuka

& Reid 1998). Two possible explanations

for the present wide distribution for the

Type I group species are: the species may
have been broadly distributed throughout

the Indo-West Pacific without any subse-

quent speciation, or their ancestors could

have been isolated in either the Indian

Ocean or the West Pacific by the events

during glacial periods which then caused

speciation, and subsequent generations may
have rapidly extended their distribution

from one side to other of the Indo-West Pa-

cific region. The second possibility would
hopefully be disclosed by future cladistic

and molecular analyses. The speciation of

the present tropical pseudodiaptomids in the

Indo-Malayan region (belonging to Types II

and III) is primarily ascribed to reduction

of eustatic sea level changes around the

Indo-Australian region during the glacial

periods, which could have acted as a dis-

tinct barrier between the Indian and the

West Pacific populations (Fleminger 1986).

The ancient East China Sea, existed as a

huge gulf during the Pleistocene, could also

have caused secondary speciation of mem-
bers of the Lobus species group which fall

into the Type III distribution pattern. Vi-

cariance between the Indian and the West
Pacific may have occurred within each of

the Improcerus, Lobus, Hyalinus and Ra-

mosus groups, because these species groups

contain both Types II and III representa-

tives.
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Abstract.—This paper describes a new species of Rhinocricidae, Eurhinocri-

cus rosenbergi, endemic to the Caribbean island of Jamaica. In addition to the

standard male gonopod illustrations we present scanning electron micrographs

(SEM) and illustrations of the female genitaha, cyphopods, and SEM of the

mandibles. This new species is rather novel morphologically, relative to other

Jamaican Eurhinocricus, because of its large size and very distinct banding col-

oration. Based on anterior gonopod configuration we suspect that E. rosenbergi

may be a close relative of the Mexican species E. omiltemae (Pocock).

The purpose of this short paper is to de-

scribe a new species of Jamaican Eurhino-

cricus. This interesting species, collected

during the course of a terrestrial inverte-

brate biotic survey of Jamaica being under-

taken by Dr. Gary Rosenberg of the Acad-

emy of Natural Sciences (Philadelphia),

adds another species to the list of Eurhin-

ocricus that compose the already diverse

diplopod fauna of the island. At present, the

rhinocricid genus Eurhinocricus Brole-

mann, 1903 (order Spirobolida) comprises

32 nominal species (Hoffman 1999) and is

distributed throughout the New World
Tropics with a large concentration of spe-

cies on the Caribbean island of Jamaica

(now 13 species).

Based on Hoffman's (1953 & 1955) de-

limitation of Eurhinocricus, the only syna-

pomorphy for the genus is a unique con-

formation of the posterior gonopod char-

acterized (Hoffman 1955:31) as being "a

somewhat shortened appendage, its distal

segment (the telopodite sensu Keeton 1960)

composed of a long, acicular solenomere

arising very near the coxal articulation, and

two slender subparallel rods joined by a

membrane." In contrast, other rhinocricid

genera have more slender, or even flagelli-

form, telopodites. The telopodite of the spe-

cies that we describe in this paper clearly

fits Hoffman's description and thus war-

rants placement in Eurhinocricus. However,

it is important to note that without the aid

of a phylogenetic analysis of all rhinocricid

genera it is impossible to know whether this

single genitalic feature truly defines a

monophyletic group to the exclusion of all

others or rather simply defines a monophy-

letic lineage that is paraphyletic with re-

spect to some other larger aggregation of

rhinocricid species. Additional phylogenet-

ic studies of the Rhinocricidae are neces-

sary to ultimately resolve this issue.

Terminology and Methods

Ocelli and setal counts are taken from the

left side. Setal counts are listed from the

tarsus to the prefemur. All measurements

are given in mm. Millipede size is estimated

by width taken at three points (segment
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Fig. 1 . Eurhinocricus rosenbergi new species, male genitalia. A-C, holotype. A. Anterior gonopod, posterior

view. B. Anterior gonopod, anterior view. C. Left posterior gonopod, posterior view. D. Paratype. Anterior

gonopod, anterior view. Scale bars = 1 mm. Abbreviations: Cx, coxa; Sc, seminal canal, Sm, solenomere; St,

sternum; Tp, telopodite.

number given parenthetically after mea-

surement), using digital calipers accurate to

0.01 mm. We use Keeton's (1960) termi-

nology when describing female genitalic

structures. Although this terminology may
not reflect true homologies, we retain his

nomenclatural scheme to ease comparisons

between this work and those that are pre-

existing. Specimens were prepared for

scanning electron microscopy by cleaning

with an ultrasonic cleaner, critical point

drying and coating with gold. Muscle tissue

was digested from mouth parts and genita-

lia using trypsin. Mouthpart terminology is

from Kohler & Alberti (1990) summarized

in Hopkin & Read (1992). The Field Mu-
seum of Natural History is abbreviated as

FMNH and The Field Museum Millipede

Collection is abbreviated as FMMC.

Eurhinocricus rosenbergi new species

Figs. 1-4

Type material.—Male holotype and fe-

male paratype, deposited in the Field Mu-
seum of Natural History (FMNH; FMMC#
2376) collection, from Jamaica, Trewlany

Parish, Cockpit Country, South of Caledon-

ia, Pantrepant to Quickstep Trail, elevation

360 m, 18°20.51'; 77°41.02'W (colls. G.

Rosenberg and D. Holmes, 23 May 2000).

Male paratype, deposited in the Institute of

Jamaica in Kingston Jamaica (FMMC#
2430), from Jamaica, St. Ann Parish, Re-
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Fig. 2. Eurhinocricus rosenbergi, new species, female paratype. Pigmentation pattern of head and segments

1-4, lateral view.

tirement, elevation 611 m, 18°17.73';

77°23.45'W (colls. I. Muratov and C. Schu-

bart, 10 October 2000).

Additional material examined.—Jamaica:

St. Ann Parish: North of Grants Bailey, el-

evation 747 m, 18°15.46'; 77°24.88'W
(colls. G. Rosenberg, D. Holmes, and S.

Koenig; 18 October 2000), 1 female

(FMMC# 2471); Southwest of York Casde,

elevation 726 m, 18°15.6r; 77°13.74'W

(colls. G. Rosenberg and D. Holmes, 17

October 2000), 1 female (FMMC# 2465);

Irons Mountain, elevation 750 m,
18°17.63'; 77°09.24'W (colls. I. Muratov

and D. Holmes 1 1 October 2000), 1 juve-

nile (FMMC# 2434); Richmond Pen, ele-

vation 508 m, 18°20.31'; 77°27.03'W

(colls. G. Rosenberg and J. Bond, 21 Oc-

tober 2000), 1 female (FMMC# 2479).

Etymology.—The specific epithet is a pa-

tronym in honor of Dr. Gary Rosenberg

who was the first person to collect this new
species and bring it to our attention.

Diagnosis.—A large Eurhinocricus spe-

cies (length greater than 60 mm) with

cream-colored segments and with males

having the anterior gonopod sternum dis-

tally nanow.

Description of male holotype.—Head,

antennae, and collum light brown, slightly

darker than other segments. Collum with

darker outer band, lighter emargination.
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Fig. 3. Cyphopods. A. SEM, left anterior view, still attached to leg base. B. SEM, cleared cyphopod showing

spermethecal bulb and duct. C. Diagrammatic representation of left cyphopod, side view. Arrows show orien-

tation of operculum. Scale bars = 1 mm. Abbreviations: At, attachment point; Cp, caudal plate; Dc, duct; Od,

oviduct insertion point; Op, operculum; Sb, spermethecal bulb.

All other segments distinctly banded. Pro-

zonite light cream color, metazonite dark

brown with light cream colored posterior

margin. In live specimens legs are dark

pink.

Antennae with four sensory cones, 11-

11 labral setae, clypeal groove distinct, 35

ocein. Width 7.50 (1)-9.31 (20)-8.05 (45),

50 ring segments. Leg I setal formula: 7-

3-2-3-2; Leg IL 7-2-2-3-2. Tarsi lack

ventral pads. Scobinae not formed as dis-

tinct pits but appear on the 7th-ca. 40th

segment as a dorsal pair of light scars

(scobinellae [?], Hoffman 1998). Epiproct

short, does not extend beyond paraprocts.

Hypoproct short, triangular with blunt ter-

minal end, does not extend beyond para-

procts.

Anterior gonopod and telopodite as illus-

trated in Fig. 1. Sternum narrow distally

(Figs. IB, ID), coxae (Cx) and telopodite

(Tp) as in other rhinocricids (Fig. 1). Pos-

terior gonopod telopod (Tp, Fig. IC) is

spatulate with a membranous interior. Sem-
inal canal (Sc) is visible extending from the

coxae (Cx) to the solenomere (Sm). Sev-

enth segmental ring posteriorly ventrally

modified as a postgenital bar to accommo-
date gonopods.

Size variation, male paratype.—Labral

setae 1 1-10, 29 Ocelli, Width 8.22 (l)-9.68

(20)-9.05 (48), 53 ring segments including

the epiproct.

Description offemale paratype.—Color-

ation as described for males (Fig. 2). An-

tennae with four sensory cones, 10-11 la-
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Fig. 4. Female mouthparts, SEM. A, Left mandible, lateral, inner margin. B. Enlargement of left mandible,

inner margin. C. Right mandible, ventral view. D. Distal extremity of gnathochilarium, ventral view (inset:

enlargement of right distal margin, scale bar = 1 mm). Abbreviations: It, intermediate teeth; Mp, molar plate;

PI, pectinate lamella.

bral setae, clypeal groove distinct, 34 ocelli.

Width 9.84 (1)-12.63 (20)-11.42 (45), 53

ring segments. Leg I setal formula: 7-3-2-

3-3. Scobinae not formed as distinct pits

but appear on the ca. 14th segment as a

dorsal pair of light scars, much less prom-

inent than in males. Epiproct slightly longer

than in males extending up to but not be-

yond paraprocts. Hypoproct larger than in

males with a much more rounded terminus,

does not extend beyond paraprocts.

Cyphopods as illustrated in Fig. 3. These

are very simple, sclerotized structures com-
prising two caudal plates (Cp), lacking se-

tae, which open ventrally via a lightly scler-

otized operculum (Op) (Figs. 3A, 3C). In-

ternally (Fig. 3B) they consist of what ap-

pears to be a ventral blind sac, or

spermethecal bulb (Sb), that may open

through to the outside by way of the oper-

culum and is connected dorsally via a duct

(Dc).

Figure 4 illustrates female mouthpart

morphology. This species' mandibles (Fig.

4A-C) have a reduced, non-prominent ex-

ternal tooth, the internal tooth (It) row con-

sists of three large, rounded teeth. The pec-

tinate lamella (PI) consists of ca. 5 loose

rows of large spines. Molar plate lacks a

distinct anterior fringe. Gnathochilarium

(Fig. 4D) is as described for other spiro-

bolidans (e.g., Keeton 1960).

Female size variation.—Ring segments

51-54, including the epiproct. Width [9.63-

10.47]-[11.08-12.3]-[10.47-12.12].

Systematics.—Eurhinocricus rosenbergi

males have a distally narrow anterior gon-

opod sternum, whereas the distal aspect of

all other described Eurhinocricus males are

much broader. The exception is E. omilte-

mae (Pocock 1907) that likewise has a dis-

tally narrow anterior gonopod sternum but

is much smaller (total length 41 mm) and

has segments that are uniformly black (Po-
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cock 1907). Although Pocock's drawings

and descriptions are very thorough it would

have been ideal to have examined the ho-

lotype of E. omiltemae from Omilteme,

Mexico. Unfortunately, it is presumably

lost and Pocock's description cannot be

physically confirmed. We must point out

though that independent of a Eurhinocricus

species phylogeny any hypothesis regarding

intrageneric relationships must be viewed

as highly speculative. However, if these two

species are sister taxa the discovery of this

new species may be important since it could

potentially represent the phylogenetic con-

nection with Central America and Mexico.

Such a hypothesis predicts that E. rosen-

bergi will be basal in the Jamaican Eurhin-

ocricus phylogeny.
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Abstract.—Exogone (Exogone) mompasensis, a new species of Exogoninae

(Syllidae, Polychaeta) from the intertidal substratum of Mompas, coastal area

located near San Sebastian (Iberian Peninsula), is described. The new species

is most notably characterized by the short antennae and shape of strongly mod-
ified compound spiniger-like chaetae. The new species is very similar to two

other species of the Southern Hemisphere.

Numerous specimens of an undescribed

species of Exogone Orsted, 1 845 were col-

lected during a study of the macrobenthic

communities inhabiting the intertidal zone

of a polluted area in the San Sebastian coast

(northeast of Iberian Peninsula). The new
species is similar to two species of the

Southern Hemisphere, Exogone (Exogone)

heterosetosa Mcintosh, 1885 and Exogone

(Exogone) heterosetoides Hartmann-
Schroder, 1979; but differs, essentially, in

the size of the antennae and chaetal fea-

tures. The new species is described, illus-

trated and discussed, and data on its ecol-

ogy and biology are included.

Materials and Methods

Specimens were obtained from samples

collected monthly between May 1996 and

May 1997 at a station within the Cora IUna

elongata community, located on intertidal

rocky substratum. This station is close to

the collector of the Mompas sewage net-

work. An area of 400 cm- was chosen for

each sample. All samples were collected by

scraping the biota down to the rock surface.

In the laboratory scrapings were washed

through a 0.5 mm mesh sieve and the res-

idue fixed with 10% formaldehyde in sea-

water. The specimens were removed and

transferred to 70% ethanol. Observations

and measurements were made using a mi-

croscope with interference contrast optics

(Nomarsky). Drawings were made with a

"camera lucida." Scanning electron micro-

scopical (SEM) micrographs were made af-

ter critical point drying and coating with

300 A of gold at the SIDI (Servicio Inter-

departamental de Investigacion) of the

Universidad Autonoma of Madrid. Types

are deposited in the collections of the Mu-
seo Nacional de Ciencias Naturales of Ma-
drid (MNCNM), Spain.

Results and Discussion

Family Syllidae Grube, 1850

Subfamily Exogoninae Langerhans, 1879

Genus Exogone Orsted, 1845

Exogone (Exogone) mompasensis,

new species

Figs. 1, 2

Type locality.—Mompas (San Sebastian,

Spain, Iberian Peninsula) (43°20'10"N,

01°57'40"W).

Type material.—Holotype: MNCN
16.01/8710a. Paratypes: MNCN 16.01/
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8710b, 11 specimens. All individuals from

Mompas (San Sebastian, Iberian Peninsula)

(43°20'10"N, 01°57'40"W), 8 Apr 1997.

Additional material.—MNCN 16.01/

8710c, 8 Apr 1997, one specimen with eggs

ventrally attached. MNCN 16.01/87 lOd, 8

Apr 1997, two females with juveniles at-

tached. MNCN 16.0 1/87 lOe, 8 Apr 1997,

two juvenile specimens. MNCN 16.01/8711,

30 Jun 1996, one specimen with sexual

products. All individuals from Mompas (San

Sebastian, Iberian Peninsula) (43°20'10"N,

01°57'40"W). Numerous specimens from

around Australia of the species E. (E.) het-

erosetosa and E. (E.) heterosetoides depos-

ited at the Australian Museum (Sydney).

Description.—Body short, broad, 2.4

mm long, 0.29 mm wide, 28 chaetigers,

without color markings. Prostomium oval,

about 3 times wider than long; 4 eyes in

open trapezoidal arrangement, apparently

without eyespots. Median antenna longer

than lateral antennae, cylindrical, distinctly

shorter than prostomium and palps together,

originating between anterior eyes; lateral

antennae ovate, shorter than prostomium,

originating between median antenna and

each anterior eye (Fig. lA). Palps broad,

relatively long, longer than prostomium,

fused all along their length, with a distal

distinct notch (Fig. lA). Peristomium sim-

ilar in length to following segments, cov-

ering posterior margin of prostomium; ten-

tacular cirri ovoid, about 0.25 as long as

lateral antennae. Dorsal cirri similar to ten-

tacular cirri, somewhat longer, absent on

chaetiger 2 (Fig. lA). First 3 parapodia

each with about 6 compound chaetae, all

compound heterogomph falcigers, blades

with proximal tooth long and small distal

tooth, short spines on margin (Figs. ID,

2A), about 8-12 |xm long; parapodia from

chaetiger 4 each with 4 similar compound
falcigers (Figs. IH, 2F), diminishing to 2

on posterior parapodia, provided with nu-

merous spines on shafts, and solitary

strongly modified pseudospiniger (Fig. 2B),

distally expanded, spinose shaft, and blade

triangular, large on bases, short, about 14—

16 \im long, distally minutely bidentate

(Figs. IF, G, 2C-E). Solitary dorsal simple

chaetae from anterior parapodia, unidentate

with some short subdistal spine on superior

face (Fig. IC), thicker posteriorly (Figs. IE,

2G). Solitary ventral simple chaetae on pos-

terior parapodia, sigmoid, with long, robust

proximal tooth and short, small distal tooth

(Figs. II, 2H). Pharynx through 4-5 seg-

ments; pharyngeal tooth on anterior rim

(Fig. lA). Proventriculus through 3 seg-

ments, with about 13-15 muscle cell rows.

Pygidium relatively large, semicircular,

with 2 relatively short anal cirri, but longer

than median antenna (Fig. IB).

Remarks.—Exogone (Exogone) mompa-
sensis, new species, is closely related to two

species of the Southern Hemisphere, E. (E.)

heterosetosa Mcintosh, 1885 and E. (E.)

heterosetoides Hartmann-Schroder, 1979.

All three species are characterized by hav-

ing compound spiniger-like chaetae strong-

ly modified, enlarged, distally expanded

and spinose, with short, triangular blades.

Exogone {E.) mompasensis differs from E.

(E.) heterosetosa in having shorter anten-

nae, both median and lateral antennae, in-

serted more anteriorly, longer palps and

somewhat shorter proventriculus; also, the

shafts of spiniger-like chaetae are thicker

(see Mcintosh 1885, Haswell 1920). Exo-

gone (E.) mompasensis differs from E. (E.)

heterosetoides in the shape of the median

antenna, bowl-shaped in E. (E.) heterose-

toides, shape of dorsal and ventral simple

chaetae, and in having bifid, smooth blades

on modified spiniger-like chatae instead un-

identate, with long spines on margin, as oc-

curs in E. (E.) heterosetoides (see Hart-

mann-Schroder 1979). One of the authors

(GSM) has studied numerous specimens of

E. (E.) heterosetosa and E. (E.) heterose-

toides from Australia, and is currently pre-

paring redescriptions of these Australian

species; furthermore, E. (£".) heterosetoides

is a long, slender species, with a filifrom

body (about 5 mm long, 0.2 mm wide, 56

chaetigers), and a small pharynx and pro-

ventriculus in relation to its body length.
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Fig. L Exogone (Exogone) mompasensis, new species. Holotype. A, anterior end. dorsal view. B. posterior

end, dorsal view. C, dorsal simple chaeta, anterior parapodium. D, compound falcigers, most anterior parapo-

dium. E, dorsal simple chaeta, posterior parapodium. F, modified spiniger-like chaeta, midbody. G, same, pos-

terior parapodium. H, compound falcigers, posterior parapodium. Scale bar: A, B = 114 |xm; C-I = 28 |jLm.
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Fig. 2. Exogone (Exogone) mompasensis, new species. SEM. A, most anterior falcigers. B, fascicle of

chaetae, midbody. C-E, modified spiniger-like chaeta. F, falciger, midbody. G, dorsal simple chaeta, posterior

parapodium. H, ventral simple chaeta.
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and E. (E.) heterosetosa and E. (E.) mom-
pasensis are species with proportionally

shorter and broader bodies (3—4 mm long,

0.23 mm wide, 30-40 chaetigers for E. (E.)

heterosetosa, 2.4 mm long, 0.29 mm wide,

28 chaetigers for E. (E.) mompasensis) and

longer pharynx and proventriculus in rela-

tion with body length.

Distribution.—Recorded only from type

locality, Mompas (San Sebastian, Iberian

Peninsula).

Ecology.—At the proximity of the sew-

age outfall drains, Exogone (Exogone)

mompasensis is found in the low intertidal

level (0.40 m-0.70 m), in exposed rocky

substratum, which is dominated by a Cor-

allina elongata community. The biocenosis

where the new species was collected is

characterized by the abundance of the tan-

aid Hexapleomera robusta (Moore, 1894),

the bivalve species Mytilaster minimus
(Poli, 1795) and Mytilus galloprovincialis

Lamarck, 1818, the polychaetes Platynereis

dumerilii (Audouin & Milne Edwards,

1833), Boccardia sp. and Syllis gracilis

Grube, 1840, and the amphipod Jassa mar-

morata Holmes, 1903.

Several specimens with sexual products

inside the midbody segments, and also

some specimens brooding eggs ventrally

were collected. Samples collected during

February, April, May and June included fe-

males brooding advanced juveniles (up to 7

juveniles, with 6-7 chaetigerous segments)

attached to the ventral surface between

chaetigers 1 1 and 20.

Etymology.—The specific name refers to

its type locality.
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Abstract.—The aims of this study were to identify the species of Millepora

occurring in Brazil and compare the skeletal morphology of M. braziliensis from

Brazil and M. squarrosa from the Caribbean (to address confusion over their

synonymy). One hundred and three colonies of Millepora were collected from

various sites along the Brazilian coast, hi an attempt to facilitate delineation among
species, diameters of the gastropores and dactylopores were compared in addition

to other morphological characters. We proposed that the colonies collected from

Brazil comprised four species: M. alcicomis (34 colonies), M. braziliensis (45),

M. nitida (13), and one previously undescribed species (11). Analyses of variance

of the diameters of gastropores and dactylopores among the various species

showed considerable intra-specific variabihty and some inter-specific spatial var-

iation. At the Abrolhos Islands, significant differences were detected between M.

alcicomis, M. braziliensis and M. nitida for the mean diameter of the dactylopores,

but not the gastropores. In contrast, significant differences in mean diameter of

the gastropores were detected between M. braziliensis and M. alcicomis across

three other locations. We hypothesized that Caribbean M. squarrosa is a species

distinct from M. braziliensis, although the use of molecular systematics may be

required to eliminate doubts about their synonymy.

The genus Millepora comprises 17 valid Edmunds 1999). Despite this and their

species, globally distributed throughout abundance, compared to scleractinians there

tropical oceans and generally down to is little information available on their ecol-

depths less than 40 m (Cairns et al. 1999). ogy and life histories. Lewis (1989) attri-

Of the species currently described, eight oc- buted this in part to their relatively lower

cur in the Indian Ocean, nine in the western diversity and less spectacular growth forms,

and central Pacific Ocean, four in the east- although perhaps the main contributing fac-

ern Pacific Ocean, and six in the western tor concerns the difficulties associated with

Atlantic Ocean (Cairns et al. 1999). Since taxonomy and distinction among the vari-

they often form an integral component of ous species.

reef structures, Millepora is considered im- Historically, there have been many prob-

portant to the ecology of reef systems lems associated with the identification of

throughout their distributions (Lewis 1989, Millepora (see Dana 1846; Quelch 1884,
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1885, 1886; Hickson 1891, 1897, 1898a,

1898b, 1899, 1900; Duerden 1899). Their

identification predominately has been based

on the morphology of gastropores and dac-

tylopores (Boschma 1948a, 1948b, 1949a,

1949b, 1950, 1956, 1961, 1962, 1964,

1966, 1968), in addition to gross skeletal

characters (e.g., colony growth form) tra-

ditionally used to separate scleractinians

(Vaughan & Wells 1943; Fishelson 1973;

Amaral 1991, 1994; Gattuso et al. 1991).

There is, however, considerable disagree-

ment over appropriate homologous charac-

ters that might be used to facilitate identi-

fication. For example, Hickson (1898a)

suggested that important characters include:

colony form, size of the pores and their de-

gree of isolation, presence or absence of

ampullae, texture of the colony surface, rel-

ative number of dactylopores and gastro-

pores, and anatomy of the soft parts. Bosch-

ma (1948a) questioned many of these var-

iables and postulated that growth form, al-

though often highly variable, was the only

character that could be used for positive

identification. In later studies, Boschma
(1949a, 1950) indicated that size and form

of the ampullae could also have taxonomic

value. Similarly, Weerdt (1981, 1984) and

Lewis (1989) suggested that, except for

growth form and attributes of the gastro-

pores and dactylopores, there are few char-

acters of taxonomic value. This is primarily

because each species often has highly var-

iable phenotypic forms (Stearn & Riding

1973; Weerdt 1981, 1984; Lewis 1989) that

are influenced by numerous inter-related

abiotic factors such as available light

(Stromgren 1976), current and water clarity

(Weerdt 1981). Given their plasticity and

the lack of definitive characters that might

be used to facilitate identification, it seems

appropriate to collect information on a

range of variables.

There has been little work on the species

of Millepora occurring in Brazil. Laborel

(1970) showed that there are some prob-

lems with their identification and suggested

that Verrill (1868) and Boschma (1948a) in-

correctly identified M. nitida (Verrill, 1868)

as M. alcicornis (Linnaeus 1758) and M.

alcicornis as M. braziliensis (Verrill 1868),

respectively. In other studies, Boschma
(1962) and Weerdt (1990) showed that M.

squarrosa (Lamarck, 1816) and M. brazil-

iensis co-exist across Brazilian reefs, al-

though it is possible that the species iden-

tified as M. squarrosa by Weerdt (1990)

may have been M. braziliensis (Amaral

1995, 1997; Amaral et al. 1997, 1998a).

Given the lack of information describing

species of Millepora and their taxonomy

across Brazilian reefs, our aims in this study

were to identify the various species and

provide a preliminary overview of their

skeletal morphometry. In addition, because

of possible confusion in taxonomy between

M. squarrosa and M. braziliensis, we com-
pared local specimens of M. braziliensis

with specimens of M. squarrosa from the

Caribbean.

Materials and Methods

This study was done using a total of 1 12

colonies of Millepora, including 103 colo-

nies collected from various reef sites along

the Brazilian coast (Fig. 1) and 9 colonies

of M. squarrosa from the National Museum
of Natural History at the Smithsonian In-

stitution (originally collected from Marti-

nique, Puerto Rico, St. Lucia, Guadeloupe

and Grenada in the Caribbean). The Brazil-

ian specimens are currently stored at the In-

vertebrate Department of the National Mu-
seum of Rio de Janeiro, the Systematic and

Ecology Department of the Federal Univer-

sity of Paraiba, and the Laboratory of Reef

Environment at the Federal Rural Univer-

sity of Pernambuco.

The Brazilian colonies were collected at

various sites (see Fig. 1) from depths down
to 35 m and immediately placed in labeled

plastic bags for transportation to the labo-

ratory. Coralla were cleaned in a solution

of 30% sodium hypochlorite, dried, and an-

alyzed under a stereoscopic microscope

equipped with an oculai^ micrometer. Data
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Fig. 1. Locations of reef sites from which specimens were collected in Brazil.

30° W

collected from all samples included: growth

form; height and transverse diameter of the

colony; characteristics of the upper part of

the colony; number and diameter of the

principal and terminal branches; form, den-

sity and diameter of the dactylopores and

gastropores (a minimum of 18 replicate

measurements); surface texture of the col-

ony; distribution of the pores in several

parts of the colony; presence or absence of

ampullae and their diameter; and numbers

of epibionts and cyclosystems.

Analyses of data.—Quantitative delinea-

tion among species was done with regard

to various skeletal characteristics, refer-

enced against descriptions provided in pre-

vious studies of Millepora (e.g., Boschma

1962, Weerdt 1981). To provide some as-

sessment of intra- and inter-specific vari-

abilities in morphology, where there were

sufficient data (i.e., at least two specimens

of each species from the various locations),

the diameter of dactylopores and gastro-

pores of species were compared in separate

balanced, nested analyses of variance (AN-
OVA) (Underwood 1981). Prior to analy-

ses, data were tested for heteroscedasticity

using Cochran's test (Winer 1971) and then

transformed if necessary. Using the avail-

able data, 4 analyses were done including:

a one-nested factor ANOVA for M. alci-

cornis, M. braziliensis and M. nitida at the

Abrolhos Islands; a two-factor nested AN-
OVA for M. alcicornis and M. braziliensis
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at three locations in Brazil (Maceio, Japar-

atinga and Tamandare); and a one-nested

factor ANOVA for M. squarrosa at three

locations in the Caribbean. Because M. bra-

ziliensis and M. squarrosa showed no sig-

nificant spatial variability in mean diame-

ters of dactylopores and gastropores among
their respective locations (e.g., in Brazil and

the Caribbean—see Results), 5 specimens

of each were randomly selected across all

locations and analyzed with 5 specimens of

Millepora sp. a from Manuel Luiz Parcel in

a one-nested factor ANOVA. Means were

separated following significant /-tests using

the Student-Newman-Keuls (SNK) test

(Underwood 1981).

Results

Quantitative delineation among species:

Based on differences in growth form and

skeletal characteristics, the 103 colonies

collected from Brazil were separated into 4

species: M. alcicornis (34 colonies—Figs.

2, 3), M. braziliensis (45 colonies—Fig. 2),

M. nitida (13 colonies—Figs. 2, 3) and Mil-

lepora sp. a (11 colonies—Fig. 2) (Tables

1,2).

Millepora alcicornis (Figs. 2 and 3) was

identified at 9 locations from Cabo Frio in

the south to Manuel Luiz Parcel in the north

and was easily distinguished from its con-

generics (Fig. 1 and Table 1). In most col-

onies, the growth form typically was finely

ramified, varying to totally incrusted,

whereas surface textures were irregular

having shallow ampullae (Table 1). The
dactylopores and gastropores were predom-

inantly rounded and larger than those in all

other species examined (see Results below)

(Table 2). M. alcicornis also had the great-

est mean numbers of epibionts (mostly Me-
gabalanus stultus), gastropores per cm^,

and ampullae (Table 2). Additional charac-

teristics that distinguished M. alcicornis

from its cogenerics included the presence of

gorgonians as substratum in some colonies

and relatively fewer cyclosystems per cm-.

Millepora braziliensis (Fig. 2) showed a

similar spatial diversity as M. alcicornis,

occurring at 9 locations from Guarapari in

the south to Manuel Luiz Parcel in the north

(Fig. 1, Table 1). Unlike other species of

Millepora from Brazil, the growth form in

most colonies typically was honey-combed,

comprising several different types including

ramified, hemispheric, columnar, laminate,

fan forms and totally incrusted colonies

(Table 1). M. braziliensis had a very irreg-

ular surface texture, ampullae that varied

from shallow to deep (Table 1), and the

greatest mean number of dactylopores per

gastropore (Table 2). The mean diameters

of gastropores and dactylopores were sim-

ilar to M. nitida (Table 2).

Millepora nitida (Figs. 2, 3) was identi-

fied at the Abrolhos Islands and Maceio

(Fig. 1, Table 1). Its predominant growth

form was ramified with short and round

branches, although in some colonies hemi-

spheric forms were also observed (Table 1).

Surface texture was smooth, with few cir-

ripeds (Table 1). Millepora nitida had shal-

low and isolated ampullae, comparable

mean diameters of gastropores and dacty-

lopores to M. braziliensis and a similar

mean ratio of dactylopores per gastropore

(Table 2). Unlike M. alcicornis and M. bra-

ziliensis, the form of the pores was predom-

inantly irregular (i.e., not circular) (Table

1). Compared to all other species examined,

M. nitida showed a greater transverse di-

ameter, an intermediate colony height, and

had greater and fewer mean numbers of cy-

closystems and gastropores per cm-, respec-

tively.

Millepora sp. a (Fig. 2) was identified

only at Manuel Luiz Parcel, but was very

abundant in this region. The species was

brown and grew in the form of pillars or

fans at a depth of 30-32 m. Nearly all col-

onies examined were bleached and many
incrusted with algae. Unlike the other spe-

cies examined, Millepora sp. a had a

growth form that was always columnar (av-

erage height of 162.7 mm) and a compar-

atively smoother and flatter texture (Tables

I and 2). The density of gastropores was
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23.3 per cm^ and therefore similar to M.
alcicornis. Millepora sp. a had similar sized

dactylopores as M. squarrosa; however, the

mean diameter of the gastropores was con-

siderably less (see Results below). Com-
pared to the majority of other species ex-

amined, the mean number of dactylopores

per gastropore was intermediate, whereas

ampullae were substantially smaller and

fewer (Table 2).

Intra- and inter-specific variation among
diameters of dactylopores and gastropores:

Significant differences were detected

among specimens in all analyses, indicating

substantial intra-specific variability. Signif-

icant differences were detected between M.

nitida, M. braziliensis and M. alcicornis

collected from the Abrolhos Islands, for the

diameter of the dactylopores, but not the

gastropores (Fig. 4A, B, Table 3). Student-

Newman-Keuls tests showed that compared

to M. nitida and M. braziliensis, M. alci-

cornis had dactylopores with a significantly

greater mean diameter (Fig. 4A).

Two-factor nested ANOVA examining

the differences in diameter of gastropores

and dactylopores between M. braziliensis

and M. alcicornis at three locations (Ma-

ceio, Japaratinga and Tamandare) detected

significant differences in diameter of gas-

tropores and an interaction between loca-

tion and species of Millepora for diameter

of dactylopores (Table 4). SNK tests of

these data showed that compared to M. bra-

ziliensis, M. alcicornis had a greater mean
diameter of dactylopores at Tamandare and

Maceio and a significantly greater mean di-

ameter of gastropores at all locations (Fig.

5A, B, Table 4). Millepora braziliensis

showed no significant differences in diam-

eter of dactylopores across the three loca-

tions (Fig. 5A).

One-nested factor ANOVA examining

differences in the diameters of gastropores

and dactylopores of M. squarrosa (Fig. 2)

at three locations in the Caiibbean (St. Lu-

cia, Guadeloupe and Grenada) failed to de-

tect any significant differences due to lo-

cation (Table 5). Subsequent analysis of
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Fig. 2. Photographs of (A) ramified Millepora alcicornis, (B) ramified M. braziliensis, (C) honey-combed

M. braziliensis, (D) ramified M. nitida, (E) honey-combed M. squarrosa. and (F) columnar Millepora sp. a.

Fig. 3. Scanning microscopy of Millepora alcicornis (left) and M. nitida (right).
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Fig. 4. Differences in mean diameter {±SE) for

(A) dactylopores and (B) gastropores of M. nitida, M.

braziliensis and M. alcicornis at the Abrolhos Islands.

< represents significant differences detected in SNK
tests.

these specimens with M. braziliensis and

Millepora sp. a pooled across their respec-

tive locations detected significant differenc-

es in mean diameter of gastropores, but not

dactylopores (Fig. 6A, B, Table 6). SNK
tests showed that Millepora sp. a had a sig-

nificantly smaller mean diameter of gastro-

pores than M. braziliensis and M. squarrosa

(Fig. 6B).

Discussion

The identification of Millepora species

collected in this study was based on various

morphological characteristics, including di-

ameters of the gastropores and dactylo-

pores. From the morphological observa-

tions made and the various significant dif-

ferences detected, it is apparent that, like

the results from previous studies (e.g.,

Boschma 1948a; Weerdt 1981, 1984;

Amaral 1997), Millepora shows consider-

able intra-specific variability. As the syn-

onymy lists are very extensive, we suggest

that Boschma (1948a) be consulted for

more details on M. alcicornis and M. bra-

ziliensis and Verrill (1868) for M. nitida as

suggested by Weerdt (1984). Despite their

high phenotypic plasticity, sufficient infor-

mation was collected to facilitate separation

of the collected colonies into four species:

M. alcicornis, M. braziliensis, M. nitida and

Millepora sp. a.

Laborel (1970) observed that M. alcicor-

nis is an important reef building component

off northeast Brazil (e.g., at Tamandare
8°41 'S, 35°05'W, where it forms a great part

of the reef structure), occurring to depths of

15 m. The results from this study show that

the geographical distribution of M. alcicor-

nis is extended to Manuel Luiz Parcel

(0°46'S, 44°5'W) (see also Amaral et al.

1998b, 2000) and that its bathymetric limit

off Brazil is at least 30 m (based on samples

collected at Manuel Luiz Parcel). This

Table 3.—Summaries of /-ratios from one-nested factor analysis of variance to investigate differences in the

diameter (mm) of gastropores and dactylopores between M. braziliensis, M. nitida and M. alcicornis at the

Abrolhos Islands. ** significant {P < 0.01), * significant (P < 0.05).

df

Diameter (niml

Source of variation Gastropores Dactylopores

Species of Millepora = Sm
Specimens(Sm) = S(Sm)

Residual

2

6

171

1.94

34.49**

6.61*

20.23**
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Table 4.—Summaries of /-ratios from two-factor nested analysis of variance to investigate differences in the

diameter (mm) of gastropores and dactylopores (data were sqrt(x +1) transformed) between M. braziliensis,

and M. alcicornis at three locations in northeastern Brazil (Maceio, Japaratinga and Tamandare). ** significant

(P < 0.01), * significant {P < 0.05).

Source of variation

Diameter (mm)

df Gastropores Dactylopores

2 5.36* 16.20**

1 75.33* 7.57

2 0.14 8.40**

12 20.63** 9.50**

171

Location = L
Species of Millepora = Sm
L X Sm
Specimens(L X Sm) = S((L X Sm)
Residual
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Table 5.—Summaries of /-ratios from one-nested factor analysis of variance to investigate differences in the

diameter (mm) of gastropores (data were ln(x + 1) transformed) and dactylopores of M. squarrosa at three

locations (St. Lucia, Guadeloupe and Grenada) in the Caribbean. ** significant {P < 0.01).

df

Diameter (mm)

variation Gastropores Dactylopores

Location = L
Specimens(L) =

Residual

S(L)

2

3

102

3.10

12.17**

0.06

20.58**

depth is still within the limits proposed by

Lewis (1989) (i.e., 50 m).

Boschma (1948b) affirmed that M. alci-

cornis is a species with an extremely vari-

able growth form, having branches divided

in ramifications, which generally are com-

pressed. In this study, we observed varia-
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Fig. 6. Differences in mean diameter (±SE) for

(A) dactylopores and (B) gastropores of M. brazilien-

sis, M. squarrosa and Millepora sp. a pooled across

all locations. > represents significant differences de-

tected in SNK tests.

tion in growth forms of M. alcicornis, in-

cluding fine and thick ramified branches as

well as totally incrusting colonies. Weerdt

(1984) also considered the growth form as

being ramified, with delicate or thick

branches often united by plates and flat-

tened in the extremities. Using specimens

collected from the Caribbean, Weerdt

(1984) defined the surface texture of M. al-

cicornis as flat. Gastropores and dactylo-

pores were studied in six colonies and ob-

served to vary from 0.15 to 0.30 mm and

from 0.06 to 0.17 mm, in diameter, respec-

tively, whereas the density of gastropores

was low, varying from 5 to 50 per cm-. In

contrast, we observed the surface texture as

being intermediate, varying from flat (ma-

jority of colonies) to wrinkled (few colo-

nies). Gastropores and dactylopores had av-

erage diameters of 0.29 and 0.1 mm, re-

spectively, whereas the gastropore density

ranged from 4 to 84 per cm-, with a mean

of 29.3 per cm- (Table 2). The differences

between the results of Weerdt (1984) and

this study might be attributed to sample size

(i.e., 6 versus 34 colonies, respectively), or

may be due to the influences of different

ecological conditions between the Carib-

bean and Brazil.

According to Boschma (1949b), the di-

ameters of the ampullae of two colonies of

M. alcicornis varied from 0.3 to 0.45 mm
and from 0.5 to 0.7 mm. In this study, am-

pullae were observed in % of the colonies,

with a mean of 1 1 .08 ampullae per colony

and diameters that ranged from 0.25 to 1.33

mm, with an average of 0.41 mm (Table 2).

This species had the greatest number of epi-
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Table 6.—Summaries of /-ratios from one-nested factor analysis of variance to investigate differences in the

diameter of gastropores and dactylopores between M. braziliensis, M. squarrosa and Millepora sp. a pooled

across their respective locations. ** significant (P < 0.01).

df

Diameter (mm)

Source of variation Gastropores Dactylopores

Species of Millepora = Sm
Specimens(Sm) = S(Sm)

Residual

2

12

253

14.21**

17.59**

0.91

12.76**

bionts (mostly the barnacle Megabalanus

stultus), similar to the observation made by

Lewis (1992) for M. complanata.

Laborel (1970) suggested that like M. al-

cicornis, M. braziliensis is an important reef

building component in Brazil and noted

colonies with diameters of between 2 and 3

m. The growth form occurring in sheltered

sites was observed to be arborescent. In

more exposed sites, colonies revealed a

more massive honey-combed form, whereas

in very calm sites morphology varied from

laminate and fine branching, similar to M.

complanata and M. squarrosa. Although

the size of colonies observed by Laborel

(1970) were substantiated herein, the latter

observations were not confirmed. For ex-

ample, the majority of colonies of this spe-

cies collected from only one part of a reef

at Tamandare had several different growth

forms. The results presented here have

shown that the geographical distribution of

M. braziliensis is extended to Manuel Luiz

Parcel (00°46'S and 44°15'W) (see also

Amaral et al. 1998b, 2000).

According to Boschma (1962), M. bra-

ziliensis contains comparatively fine rami-

fications which, in its upper parts, are di-

vided into a certain number of short lateral

branches radiating in several directions.

Boschma (1962) also found other colonies

of hemispheric or globular form, bearing a

great number of close and fine branches,

with round extremities. Millepora brazilien-

sis examined in this study had various

growth forms, including: honey-combed
(found in the majority of the colonies), ram-

ified honey-combed, hemispheric honey-

combed, ramified hemispheric, hemispheric

to laminate, ramified columnar, columnar to

laminate, flat laminate, ramified thick, fan-

like, and colonies totally incrusting (Table

1). Boschma (1962) mentioned two colo-

nies that had heights of 14.5 and 13 cm and

large transverse diameters of 7 and 19 cm,

respectively. The holotype is 7.3 cm in

height and has a transverse diameter of 3.2

cm (Boschma 1962). The results obtained

in this study (from 45 colonies) extend this

variability (e.g., mean height and transverse

diameter were 10.9 cm and 10.2 cm, re-

spectively; see Table 2). Boschma (1962)

found a great number of ampullae in this

species, with diameters that varied from 0.3

to 0.4 mm. Of the 45 colonies studied here,

23 had ampullae with an average of 6.5 am-

pullae per specimen and a mean diameter

of 0.53 mm (Table 2).

There was clear delineation between M.

braziliensis and M. alcicornis in relation to

the gastropores at the coastal locations ex-

amined, with M. alcicornis having a greater

mean diameter of gastropores (Fig. 5 and

Table 4). However, no significant difference

was detected for the diameter of the gastro-

pores between these species at the Abrolhos

Islands: only the dactylopores were signif-

icantly larger in M. alcicornis than in the

other studied Millepora (Fig. 4, Table 3).

One possible explanation for this result is

the better water quality and environmental

conditions at the Abrolhos Islands. For ex-

ample, higher sedimentation rates (or pol-

lution) in coastal localities may have a

greater effect on the development of gastro-

zooids of M. alcicornis than M. braziliensis.

We compared M. braziliensis and Mille-

pora sp. a from Brazil and M. squarrosa
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from the Caribbean, after first testing for

intra-specific differences among respective

distributions of M. braziliensis and M.

squarrosa. Despite no significant differenc-

es in diameters of the gastropores and dac-

tylopores between M. braziliensis and M.

squarrosa (Fig. 6), the observed morpho-

logical differences, including number of

ampullae, dactylopores per gastropore and

number of gastropores per cm^ provide

some evidence to suggest that these species

should be considered separate. However, to

eliminate doubts over their synonymy, we
suggest the use of molecular systematics

studies (i.e., using DNA and isoenzymes).

SNK tests did detect significant differences

between these two species and M. sp. a,

with the latter having a significantly smaller

mean diameter of gastropores (Fig. 6, Table

6). Combined with the other qualitative and

skeletal characters recorded (Tables 1, 2),

this result provides some evidence to sug-

gest that Millepora sp. a from Manuel Luiz

Parcel is a new species; however, its status

should also be confirmed via molecular sys-

tematics studies.

Laborel (1970) noted that M. nitida had

a dense and compact skeleton and should

be considered endemic to the state of Bahia

(17°20'S, 038°35'W). The results presented

here have shown that the geographical dis-

tribution of M. nitida is extended to the

reefs of Ponta Verde (Alagoas State).

Boschma (1962) found that M. nitida forms

a round mass of close, fine branches, which

possess lateral branches, each of these di-

viding into smaller branches. The external

parts of the branches are rounded, cylindri-

cal or slightly compressed and surface tex-

ture considered flat. Similarly, in this study,

the predominant growth from of M. nitida

was observed as being ramified with short

and rounded branches, but hemispheric

forms were also collected. With regard to

the dimensions of the colonies, Boschma
(1962) observed colonies with heights of

8.5 cm, 6.8 cm, and 3.8 cm and respective

transverse diameters of 11, 11.5, 6.7 and

4.3 cm. We examined 13 colonies of this

species and enlarged the variation of mean
height and transverse diameter to 10.3 and

12.9 cm, respectively (Table 2).

The results from this study have shown
that Brazilian Millepora colonies with to-

tally incrusting forms can be identified

based on their coenosteal pores. However,

identification of Millepora based on growth

form alone contains much imprecision, pri-

marily because intermediate forms fre-

quently occur, making it almost impossible

to identify incrusting colonies (Amaral

1997). In such cases it is necessary to study

other characters to facilitate identification.

According to Boschma (1948a) and Weerdt

(1981), incrusting colonies that conform to

the shape of their substrata don't exhibit

enough characters for a specific identifica-

tion. Nevertheless, several authors contin-

ued to define the species of Millepora based

on growth form of the colony and geo-

graphical distribution (e.g., Boschma
1948a, 1948b, 1961, 1962, 1966; Stearn &
Riding 1973; Weerdt 1981, 1984, 1990). In

a revision of taxonomic problems with this

genus, Weerdt (1981, 1984) emphasized the

need for additional characters and acknowl-

edged a shortage of holotypes and the lack

of ecological data associated with speci-

mens in museum collections.

Since last century, Boschma (1948b)

considered that the specific characters

should be those related to growth form of

the colony. Other skeletal characters, such

as size and density of the gastropores and

dactylopores, were intensely studied in the

past, but were considered insufficient be-

cause of high intra-specific variability

(Boschma 1948a, 1948b, 1949a, 1950,

1964). Despite this, we showed that these

characters were beneficial in separating

some of the Brazilian species. Other chai-

acters have been used in Millepora system-

atics with varying degrees of success.

These characters include: the morphology

of the zooids (Kruijf 1975), ampullae and

medusae (Lewis 1991), the density and di-

ameter of the zooxanthellae (Amaial &
Costa 1998), and isoenzymes (Manchenko
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et al. 1993, Amaral et al. 1997). Moshchen-
ko (1993) studied M. platyphylla and M. di-

chotoma and found that the zooids, ampul-

lae, coenosarc, gastropores and dactylo-

pores were similar in ramified and laminate

Millepora and that these characters could

not be used in taxonomic studies. In later

work, Moshchenko (1994, 1995) appUed a

quantitative method of estimating the struc-

ture of the pores and found that the pores

of laminate Millepora were different from

those of ramified colonies and more specif-

ically, that the pores of M. platyphylla were

characteristically different from ramified

Millepora (Moshchenko 1995). According

to Moshchenko (1996), only two species of

Millepora could undoubtedly be distin-

guished in the Indo-Pacific region: M. pla-

typhylla and M. dichotoma.

Given the above arid the results from this

study, it is apparent that a range of variables

are required to facilitate taxonomy of Mil-

lepora and that in some cases, the use of

only growth form and attributes of the gas-

tropores and dactylopores is unlikely to be

sufficient. Whereas it may be feasible to ex-

amine other morphological characteristics

(such as those discussed above) to aid de-

lineation among species, studies involving

molecular systematics may be required to

confirm identification.
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New species of Ruellia (Acanthaceae) from French Guiana and
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Abstract.—Two new species, Ruellia amapensis and R. schnellii, are de-

scribed, illustrated and compared with their closest relatives. A key to all the

known species of Ruellia from the Guianas is also provided.

Ruellia L. is the second largest genus of

Acanthaceae, with approximately 250 spe-

cies of perennial herbs and shrubs with pan-

tropical distribution. The genus, named for

Jean de la Ruelle (1474-1537), a French

physician and herbalist, exhibits large and

usually showy flowers borne either singly

or in various inflorescence forms, which are

either terminal or axillary or both. The in-

fundibular or salverform corollas are either

lavender, purple (mauve), nearly black,

white, yellow or red with a narrow tube and

an often campanulate limb with five more

or less spreading lobes. The genus is char-

acterized by the four didynamous stamens

each with bilocular anthers, which are usu-

ally muticous basally. The capsules are ei-

ther oblong or clavate, with the dissepiment

generally remaining attached to the capsule

wall at maturity. Each capsule contains be-

tween 4 and 28 piano-compressed, subor-

bicular seeds. These are provided with a

mucilaginous coat that exhibits, upon
moistening, tapered, short trichomes with

walls marked internally by rings or spirals

(Long 1970, Ezcurra 1993, Daniel 1995,

Wasshausen 1995). In an attempt to identify

recent collections of Ruellia from French

Guiana and Brazil, 1 have found two un-

described species of the genus.

Key to species of Ruellia in the Guianas

1. Flowers sessile or short-pedunculate in

the axils of the upper leaves 2

2. Leaves sessile to subsessile, blades lin-

ear to narrowly lanceolate, to 1.2 cm
wide; corollas 45-50 mm long ....

R. geminiflora var. angustifolia

1. Leaves petiolate, blades elliptic to ob-

long to narrowly obovate, ovate, ovate-

elliptic to ovate-oblong to deltoid, 1.2—

6.0 cm wide; corollas 18-40 mm long

3

3. Corollas blue or blue-violet, pale purple

to violet 4

4. Erect herbs; corollas blue or blue-violet,

18-25 mm long, tube infundibuliform,

14-18 mm long, basal portion cylindric,

3-4 mm long, similar in length to infun-

dibular upper portion, apically 3.5—4.0

mm wide R. microcalyx

4. Much branched, prostrate to procum-

bent herbs; corollas pale purple to vio-

let, 25-30 mm long, tube infundibuli-

form, 7 mm long, basal portion cylin-

dric, 5 mm long, shorter in length than

infundibular upper portion, apically 15

mm wide R. prostrata

3. Corollas brick-red, pale yellow, sul-

phur-yellow or white with copper-red

apex 5

5. Corolla pale yellow, sulphur-yellow or

white with a copper-red apex, 25-32

(38) mm long; distal foliose bracts not

conspicuous, imbricate or bicolored,

10-20 by 1-2 mm; calyx segments su-

bulate, 5-6 mm long, puberulous, mi-

nutely and densely gland-dotted . . .

R. amapensis

5. Corolla brick red, 35-40 mm long; dis-

tal foliose bracts conspicuous, imbri-

cate, bicolored, 22—10 by 8-18 mm; ca-
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lyx segments narrowly triangular, 3 mm
long, glabrous and distinctly gland-dot-

ted R. schnellii

1. Flowers pedunculate borne terminally

and/or in the axils on conspicuously

long peduncles 6

6. Corollas conspicuously large, curved

and ventricose, scarlet or bright red,

60—70 mm long R. inflata

6. Corollas not conspicuously large,

curved or ventricose, white, white with

lavender streaks to lilac or violet, pale

mauve or bluish, 30—45 mm long .... 7

7. Leaf blades linear to narrowly lanceo-

late or narrowly oblong, 0.8-2.5 cm
wide R. longifolia

1 . Leaf blades ovate to oblong or elliptic,

2.7-5.0 cm wide 8

8. Flowers solitary or rarely in 2's, borne

on unbranched peduncles; calyx lobes

4.0 by 0.75 mm R. violacea

8. Flowers dense or lax, borne on once or

twice dichasially branched peduncles;

calyx segments 8.0-14.5 by 0.5-1.0

mm 9

9. Leaf blades ovate to oblong, 3.7-6.0 by

2.7-3.5 cm; lateral cleistogamous flow-

ers commonly present; corolla lobes

16—17 by 13—15 mm; capsule cylindric,

17.0-23.5 by 3.0 mm R. tiiberosa

9. Leaf blades elliptic, 10-16 by 3-5 cm;

cleistogamous flowers (lateral) not

known; corolla lobes 7-8 by 5.5-8.0

mm; capsule narrowly ovate, 11-15 by

3-4 mm 10

10. Herbs 40-75 cm tall; leaf blades gla-

brous or sparingly hirsute with green

undersides; calyx segments 8—9 by 0.5—

1.0 mm, sparingly glandular-pubescent;

trichomes not yellowish; corolla white

with lavender streaks to lilac or violet,

pale mauve or bluish R. rubra

10. Shrubs 1 m tall; leaf blades with lower

surface densely pilose and purplish; ca-

lyx segments 10-14 by 0.5 mm, con-

spicuously glandular pilose with yel-

lowish trichomes; corolla entirely white

R. saiilensis

Ruellia amapensis Wasshausen, sp. nov.

Fig. 1, A-D

Herba vel suffrutex, ad basim sublignosa,

caulibus erectis subquadrangularis, parce

pilosis; foliorum lamina elliptica vel angus-

te obovata, glabra, acuminata, basi attenuata

in petiolum decurrenti; petiolo pilosulo; in-

florescentiae ex spicis terminalibus vel thyr-

sus dichasio sessiles vel brevi-pedunculati,

bracteis foliaceis subulatis vel parce oblon-

gis; bracteolis anguste triangularibus; flos

calycis segmentis subulatis, puberulis et

glanduloso-punctatis; corolla luteola vel

sulphurea, tubo leviter curvato, limbo sub-

erecto; staminibus leviter exsertis; capsulae

clavatae, puberulae, apice apiculatae.

Herb or shrubby herb (0.30) 0.75-1.0 m
tall, branched from a subligneous base;

stem erect, quadrangular, branching, youn-

ger stems subquadrangular, sparsely pilo-

sulous, older stems quadrangulcir, glabrate,

inconspicuously lenticellate; leaf blades el-

liptic to narrowly obovate, 10-20 by 4-6
cm, firm, glabrous or nearly so above and

below, long-acuminate apically, base atten-

uate and partially decurrent on the petiole,

midvein sulcate above, convex below, lat-

eral veins ca. 6 pairs, convex on both sur-

faces, the margins distinctly crenulate to

crenate; petiole 20-40 mm long, moderate-

ly pilosulous; leaves subtending inflores-

cence reduced, much narrower than cauline

leaves; inflorescence a terminal spike to

thyrse of sessile to short-pedunculate dicha-

sia from the axils of distal foliose bracts,

dichasia opposite, 1-3-flowered, peduncles

(if present) to 1.5 mm long; bracts foliose,

subulate to narrowly oblong, narrowed at

both ends, 10-20 mm long and 1-2 mm
wide; bracteoles narrowly triangular, 2-3

mm long, 1 mm wide at base, puberulous

and minutely gland-dotted; calyx 5-7 mm
long, the segments subulate, 5-6 mm long,

0.75—1.0 mm wide at base, puberulous and

minutely and densely gland-dotted; corolla

pale yellow, sulphur-yellow or white with

copper-red apex, infundibular, 25-32 (38)

mm long, glabrous except the tube minutely

puberulous, the tube cylindrical, slightly

bent near the base, 12-15 mm long, the

limb suberect, the lobes obovate, 8-9 by 6-

8 mm, retuse apically; stamens slightly ex-

serted from the mouth of the corolla; an-
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Fig. I. A-D, Ruellia amapensis (Cowan 38235); E-H, Ruellia schnellii (Schnell 11566). A, Habit: B. Brac-

teoles and calyx segments; C, Corolla and calyx; D, Calyx and pistil; E, Habit; F Calyx segments; G, Enlarge-

ment of calyx indumentum; H, Corolla, calyx, stamens and stigma.
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thers 3 mm long; ovary and style puberu-

lent; capsule clavate, 15 by 4 by 3 mm, mi-

nutely puberulent, green at base, apiculate

and tinged purplish-brown apically, the

stipe 7 mm long; seeds dark brown, 2.75

mm in diam., glabrous, margins ringed with

hygroscopic trichomes.

Type.—BRAZIL: Amapa: Serra do Na-

vio, Rio Amapari, main road from Igarape

Cancao Dam Site toward Camp ca. 2 km,
70-300 m, 11 Nov 1954, R. S. Cowan
38235 (holotype US!; isotype NY!).

Additional specimens.—FRENCH GUI-
ANA: Sommet tabulaire, zone central, 40

km SE of Saiil, 550 m, 28 Sep 1980, de

Granville 3644 (P, US); April 1961, Aubre-

ville 150 (P). BRAZIL: Amapa: Serra do

Navio, Rio Amapari, forest near dam in

Igarape behind Chumbo Ore Body, ca. 125

m, 1 Nov 1954, R. S. Cowan & Maguire

38054 (NY); Rio Araguari, Serra do Navio,

4 km N of ICOMI dining and recreation

area, 4 Aug 1961, J. M. Pires et al. 50309

(NY, US).

Locally frequent in moist heavily forested

hills and in dense vegetation on marshy soil

along creek margins at elevations between

70 and 550 meters; flowering and fruiting in

April, August, September and November.

Ruellia amapensis resembles R. cearensis

Lindau by its general habit and inflorescence

but may be distinguished from the latter by

having an inflorescence of a terminal spike

to thyrse of sessile to short-pedunculate di-

chasia; the corolla pale yellow, sulphur-yel-

low or white with copper-red apex, 25-32

(38) mm long, infundibular; and the calyx

lobes not red, subulate, 5-6 mm long, pu-

berulous and minutely and densely gland-

dotted. In contrast, R. cearensis has an inflo-

rescence of spike-like panicles with cymose
flowers; the corolla purple or pink, not in-

fundibuliform; and the calyx lobes are red,

linear, 1 1 mm long and glandular puberulent.

Ruellia schnellii Wasshausen, sp. nov.

Fig. 1, E-H

Herba reptans, ad basim sublignosa, cau-

libus erectis ramosis, subquadrangularis.

glabris; foliorum lamina anguste elliptica

vel oblonga, glabra, brevi-acuminata, basi

longi-attenuata in petiolum decurrenti, pe-

tiolo puberulo; inflorescentiae ex spicis ter-

minali 2-3 floro bracteis foliaceis subtento

constans; bracteolis foliaceis bicoloris, el-

lipticis vel anguste ovatis; flos calycis seg-

mentis anguste triangularis, glabris et glan-

duloso-punctatis; corolla lateritia, glabra,

hypocrateriformis, tubo curvato et ventri-

coso, lobis ovalis vel suborbicularis, patu-

lis; staminibus leviter exsertis; capsulae cla-

vatae, glabrae, apice apiculatae.

Creeping herb 50 cm tall, branched from

a subligneous base; stem erect, terete,

branching, younger stems subquadrangular,

glabrate and gland-dotted, older stems te-

rete, longitudinally rugulose, glabrate; leaf

blades narrowly elliptic to oblong, 9-12 by

2.5-4.0 cm, thin, glabrous or nearly so

above and below, short-acuminate apically,

base long-attenuate and partially decurrent

on the petiole, midvein sulcate above, con-

vex below, lateral veins 8-10 pairs, convex

on both surfaces, the margins entire or

faintly and irregularly crenulate; petiole 5—

15 mm long, canaliculate, puberulous; in-

florescence a terminal spike to raceme of

sessile to short-pedunculate flowers from

the axils of showy, distal foliose bracts,

spikes to racemes 5-10 cm long, flowers

opposite, solitary, often crowded near shoot

apex and collectively appearing subcapitate,

peduncles (if present) to 8 mm long; foliose

bracts bicolored, elliptic to narrowly ovate,

22-40 by 8-18 mm, glabrous, gland-dotted,

acute to acuminate at apex, attenuate at

base; calyx 4-5 mm long, glabrous and

gland-dotted, the segments narrowly trian-

gular, 3 mm long, 0.8-1.0 mm wide, gla-

brous and gland-dotted; corolla brick-red,

glabrous, 35-40 cm long, the tube infun-

dibular, curved, 0.6-0.8 mm broad at throat,

the limb about 2.0-2.2 cm broad, the lobes

oval to suborbicular, 1 cm long or more,

spreading, retuse apically; stamens slightly

exserted from the mouth of the corolla tube;

anthers 3-4 mm long; ovary and style pu-

berulous; capsule clavate, 12-14 by 6 by
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3.0—3.5 mm, drying brownish, glabrous,

nitid, apiculate apically, the stipe 3-4 mm
long, the retinacula curved, slender, 4 mm
long; seeds dark brown, flat, orbicular, 4.0

by 3.5 mm, 1 mm thick, appressed pilose

when dry, mucilaginous-pilose when moist-

ened.

Type.—FRENCH GUIANA: Between
Maripasoula and Wakapore, 30 Aug 1961,

Schnell 11566 (holotype P!).

Additional specimens.—FKEHCW GUI-

ANA: Maroni, Maripasoula, Jul 1969, Pe-

titbon 179 (P); Region de Paul Isnard, road

to Citron, 8 Nov 1982, Feuillet 298 (P US);

St. Jean, 26-28 Apr 1914, Benoist 1167 (P

US).

Occasional, along edges or clearings of

dense forests in French Guiana; flowering

and fruiting April through November.

Ruellia schnellii resembles R. tubiflora

H.B.K. van tubiflora and R. tubiflora H.B.K
van tetrastichantha (Lindau) Leonard from

Costa Rica, Panama, Venezuela and Colom-

bia by its general habit and inflorescence

but may be distinguished from the latter by

having narrowly elliptic to oblong, 9-12 by

2.5-4.0 cm leaf blades, a smaller corolla,

0.6-0.8 mm broad at throat and the limb

about 20-22 mm broad, and the distinctly

bicolored foliose bracts subtending the

short terminal spike. In contrast, R. tubiflo-

ra has oblong-elliptic, 6-24 by 6-9 cm leaf

blades, a distinctly larger corolla, 10-15

mm broad at throat and the limb about 30

mm broad, and leafy, not bicolored foliose

bracts subtending the short terminal spike.
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A new genus of small teratorn from the Middle Tertiary of the

Taubate Basin, Brazil (Aves: Teratornithidae)

Storrs L. Olson and Herculano M. F. Alvarenga

(SLO) Division of Birds, National Museum of Natural History, Smithsonian Institution,

Washington, D.C. 20560, U.S.A.;

(HA) Museu de Historia Natural de Taubate, Rua Colombia 99, Jardim das Nagoes, Taubate SP,

CEP 12030-520, Brazil

Abstract.—A new genus and species of Teratornithidae, Taubatomis camp-

belli, is described from deposits of the Tremembe Formation of Upper Ohgo-
cene or Lower Miocene age in the Taubate Basin of Sao Paulo State, Brazil.

These fossils are much older (ca. 25 mya) than the next oldest known teratorn,

Argentavis magnificens, from the late Miocene of Argentina (ca. 6 mya), and

uphold the hypothesized origin of the Teratornithidae in South America. Tau-

batomis campbelli was smaller than other known species of the family and, as

with most other occurrences of teratorns, was found syntopic with fossils of

New World vultures of the family Cathartidae (Vulturidae auct.).

Resumo.—Um novo genero e nova especie de Teratornithidae, Taubatornis

campbelli, e descrito dos depositos da Forma^ao Tremembe de idade Oligoceno

Superior ou Mioceno Inferior da Bacia de Taubate, Estado de Sao Paulo, Brasil.

Estes fosseis sao muito mais antigos (cerca de 25 milhoes de anos) que o

seguinte mais antigo teratornitideo, Argentavis magnificens, do Mioceno Su-

perior (cerca de 6 milhoes de anos) da Argentina, e sustenta a hipotese de

origen dos Teratornithidae na America do Sul. Taubatornis campbelli era men-
or que todas as demais especies conhecidas da familia e como todas as demais

ocorrencias de Teratornithidae, foi encontrado sintopico com fosseis da familia

Cathartidae (Vulturidae auct.).

Fossils from lake deposits in the Taubate nearby Paraiba River and the quarry is in

Basin, state of Sao Paulo, have consider- operation only during the height of the dry

ably increased our knowledge of avian di- season in the Southern Hemisphere winter,

versity of the middle Tertiary of Brazil. The Among the undescribed fossils are two

taxa described so far include a giant, flight- specimens from a rather large bird, within

less gruiform predator (Phorusrhacidae), a the size range of the Brown Pelican if one

vulture (Cathartidae = Vulturidae auct.), includes the large taxon Pelecanus occiden-

flamingos (Phoenicopteridae), two fowl- talis thagus. We were unable to assign the

like birds of the extinct family Quercyme- specimens to any existing family of birds,

gapodiidae (Galliformes), and a screamer Later comparison of the tibiotarsus with

(Anhimidae, Anseriformes) (Alvarenga that of Teratornis merriami Miller (1909),

1982, 1985, 1988, 1990, 1995, 1999; Mour- of the extinct family Teratornithidae, indi-

er-Chauvire 2000). These fossils, with nu- cated sufficient similarities to establish the

merous others as yet undescribed, have familial placement of the Brazilian fossils,

been obtained from a quarry for montmo- The teratorns were gigantic, supposedly

rillonitic clay near the town of Tremembe. predatory or scavenging birds of uncertain

The clay deposits are below the level of the ordinal affinity. They are known only from
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fossils from the Pleistocene of North and

South America, and from the Miocene of

South America, with an undescribed spe-

cies also being known from the Quaternary

of Cuba (Arredondo & Arredondo, in press;

William Suarez & Olson, MS).

Materials and Methods

Material examined.—Teratornis merria-

mi: complete right tibiotarsus LACM
B1044; proximal ends of right and left ul-

nae LACM B7388, G6912. Teratornithidae

gen. et sp. nov. from Cuba, photographs of

distal ends of right tibiotarsi WS 364, WS
574. Avian skeletons in the Museu de His-

toria Natural de Taubate and the synoptic

collection of bones of modern non-passer-

ine families of birds in the Division of

Birds, National Museum of Natural Histo-

ry, Smithsonian Institution.

Systematics

Class Aves

Family Teratornithidae

The holotypical tibiotarsus is referable to

the Teratornithidae by the following com-

bination of characters: incisura intercondy-

laris very wide; pons supratendineus very

weak and narrow, without a tubercle; con-

dylus medialis in anterior view narrow, in

medial view distal edge nearly straight, not

rounded; condylus lateralis deep; epicon-

dylus medialis very prominent. The para-

typical ulna is referable to the Teratornithi-

dae on the following combination of char-

acters: cotyla dorsalis in proximal view

high and narrow; cotyla ventralis in proxi-

mal view wide with almost square internal

margin; impressio m. scapulotricipitalis sin-

gle, very large, deep, and quadrangular; in-

cisura radialis extensive, distinct, shallow,

and ovoid; tuberculum lig. collateralis ven-

tralis not well developed.

Taubatornis, new genus

Type species.—Taubatornis campbelli,

new species.

Diagnosis.—Compared with Teratornis

Miller (1909), condylus medialis of tibi-

otarsus in anterior view narrower, contrib-

uting to a markedly wider incisura inter-

condylaris; condylus lateralis more mark-

edly set off from the shaft; medial epicon-

dyle entirely distal to distal tendinal

opening, rather than proximal to it; pons su-

pratendineus simple, without the accessory

proximal fork found in some individuals of

T. merriami. In the ulna, the incisura radi-

alis in Teratornis is unique in being a very

distinct, sharp-edged depression, pneumatic

distally, that appears almost as if the bone

had been crushed inward. In Taubatornis

this area has only a shallow impression, al-

though of about the same relative extent as

in Teratornis. The genus Cathartornis Mill-

er (1910), from Rancho La Brea, California,

once thought to be doubtfully distinct from

Teratornis, now appears to be valid and

does not have the distinctive crushed-look-

ing incisura radialis of Teratornis (K.

Campbell, pers. comm.). Apart from the

differences in the incisura radialis, the ulna

of Taubatornis does not differ substantially

from that of Teratornis. Thus, if the differ-

ences between Teratornis and Aiolornis

Campbell et al. (1999) are consistent, the

ulna of Taubatornis should differ from that

of Aiolornis in the same characters.

Etymology.—For the Taubate Basin, Bra-

zil, plus Gr. ornis, bird.

Taubatornis campbelli, new species

Figs. 1-2

Holotype.—Distal end of right tibiotar-

sus, Museu de Historia Natural de Taubate

MHNT—VT 5154.

Type-locality.—Brazil, Sao Paulo State,

2 km NE of Tremembe, Santa Fe Farm

(22°30'S, 45°32'W).

Horizon and age.—Tremembe Forma-

tion, montmorillonitic clay about 4 m below

the most superficial level of shales. Middle

Tertiary, late Oligocene or early Miocene.

Measurements (mm) of holotype.—Distal

width 19.6, depth through lateral condyle
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Fig. 1. Distal end of left tibiotarsus of Taubatornis

campbelli MHNT—VT 5154, holotype (on left in each

pair), compared with Teratoniis inerriami LACM
B1044 (on right in each pair): A, anterior view; B,

medial view; C, distal view. Scale = 2 cm.

Fig. 2. Proximal end of left ulna of Taubatornis

campbelli MHNT—VT 5155, paratype (on left in each

pair), compared with Teratornis inerriami LACM
G6912 (on right in each pair): A, palmar view; B,

proximal view. Scale = 2 cm.

18.8, depth through medial condyle 20.0;

height of medial condyle 12.1, shaft width

just proximal to tendinal bridge 14.2.

Paratype.—Proximal end of left ulna

lacking part of the olecranon, Museu de

Historia Natural de Taubate MHNT—VT
5155.

Measurements (mm) ofparatype.—Prox-

imal depth (of articulating surfaces) 25.0,

proximal width 19.5.

Etymology.—Dedicated to our colleague

and friend Kenneth E. Campbell, Jr., of the

Natural History Museum of Los Angeles

County, in recognition of his contributions

to our knowledge of the Teratornithidae.

Diagnosis.—As for the genus. Despite its
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large size among birds in general, this is the

smallest species of Teratornithidae so far

known.

Discussion.—In North America, the Ter-

atornithidae is represented by three species:

Teratornis merriami Miller (1909), Cathar-

tornis gracilis Miller (1910), and Aiolornis

incredibilis (Howard 1952), originally de-

scribed in Teratornis but elevated to a sep-

arate genus by Campbell et al. (1999). Ex-

cept for one latest Pliocene specimen of the

last species, all records of Teratornithidae

in North America are Pleistocene in age.

Cathartornis gracilis was originally known
only from two tarsometatarsi. Although ad-

ditional material is now thought to be re-

ferable to this species, this has not yet been

described or illustrated (Campbell, pers.

comm.). Another teratorn is known from

the Quaternary of Cuba, which is to be de-

scribed as a new species of Teratornis (Ar-

redondo & Arredondo, in press). New ma-

terial, however, shows that it is generically

distinct (W. Suarez & Olson, MS).

In South America, apart from a late

Pleistocene fragment from Ecuador referred

to the Teratornithidae (Campbell & Tonni

1980), all previous records of the family are

of the species Argentavis magnificens, the

largest known flying bird. This is known
from four localities in central and northern

Argentina, all late Miocene (Huayquerian,

ca. 6 mya) in age (Campbell & Tonni 1980,

Campbell 1995). Neither the proximal end

of the ulna nor the distal end of the tibi-

otarsus are known for this species, so no

comparisons other than size can be made
with Taubatornis.

Taubatornis nearly quadruples the time

span through which the Teratornithidae is

known, from ca. 6 mya to about 25 mya,

and lends further support to the hypothesis

that this family is South American in origin

and did not arrive in North America until

the latest Tertiary (Campbell & Tonni

1980). The presence of a teratorn in Cuba,

however, shows that these birds are clearly

capable of crossing water barriers and so

could potentially have colonized North

America prior to the late Pliocene isthmian

connection.

Although Taubatornis was a large bird

by almost any standard, it is the smallest

known teratorn: distal width of tibiotarsus

19.6 mm, vs. 23.5 mm and 25.3 mm in the

Cuban teratorn, and 25.9-29.2 mm, (mean

27.7, n = 15) in Teratornis merriami (data

from Fisher 1946). Considering that Tau-

batornis is considerably closer in time to

the presumed time of origination of the

family in the beginning of the Cenozoic, it

might be expected to have more "normal"

dimensions than the obviously gigantic taxa

that characterized the group in its last 6 mil-

lion years.

The shales of the lacustrine environment

of the Tremembe Formation suggest alter-

nating wet and dry seasons, with fossils in-

dicating periodic mortality of large numbers

of small fishes that probably attracted pred-

ators and scavengers. These dieoffs may
have been responsible for the presence of

both Taubatornis and the cathartid vulture

Brasilogyps faustoi (Alvarenga 1985), a

species somewhat larger than the modern
Black Vulture Coragyps atratus. The Tre-

membe Formation thus conforms to the pat-

tern of almost invariable association of ter-

atorns with New World vultures (Catharti-

dae) wherever teratorns are found.
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Correct type locality of the Emperor Goose {Chen canagica)

Daniel D. Gibson

University of Alaska Museum, Fairbanks, Alaska 99775-6960, U.S.A.

Abstract.—The American Ornithologists' Union's (1910, 1931, 1957, 1983,

1998) inference that the type locality of Chen canagica (Sewastianoff, 1802)

is Kanaga Island, Aleutian Islands, misinterprets the author's arcane reference

to Kodiak Island and overlooks a published 19th-century explanation thereof.

His curiosity about the specific epithet of

the Emperor Goose and his knowledge of

southwestern Alaska led Turner (1886:143)

to explain long ago that Sewastianoff

(1802:349) had doubtless been referring not

to Kanaga Island, Aleutians, but to Kodiak

Island as I'lsle Canaga ou Kyktak, "one of

the Aleutian [sic] Islands nearest the North

American coasts and situated behind the

Alaska Peninsula" {une des lies Aleoutes

les plus proches des cotes de I'Amerique

septentrionale, et sitae derriere le Cap. Al-

iazka)—cf. Stresemann (1950:127). Even

though Kodiak Island (57°N, 153°W) lies

600 km from the Aleutians—the 1800-km

chain of islands separating the Bering Sea

from the North Pacific Ocean—it has never

been unusual for islands as far east and

north as Kodiak to be referred to as part of

the Aleutians, probably because of shared

inhospitable weather and seas and treeless

landscape. (For an example of this associ-

ation preserved in avian nomenclature, note

that Sterna aleutica Baird, 1869 was named
and described from a Kodiak Island holo-

type.) Kanaga Island (51°N, 177°W) lies in

the central Aleutians, 1000 km from "the

North American coasts."

Sewastianoff (loc. cit.) formed his name
for the island (Canaga) as well as his spe-

cific epithet for the Emperor Goose {cana-

gica) from ''Caniagues ou Canagues,"' as

he stated the island's people were called {le

nom de I'espece, c'est a dire Canagica, a

ete impose a cet Oiseau du nom de la pre-

miere He, oil de celiii des principaux habi-

tans de Vile Kyktak appellee Caniagues ou

Canagues). Unmistakably the same word,

"Kaniag" was, variously, the original Inuit

name of Kodiak Island (Turner 1886:143)

and the tribal name of the people of Kodiak

Island (Bancroft 1886:224). With a single

vowel change, today these people call

themselves Koniag (see www.koniag.com).

The Alaska Native Language Center

(ANLC) explained Kyktak, Sewastianoff's

alternative island name, thus: "The name
for Kodiak Island is spelled Qikehtaq. It

means 'The island.' [Kodiak is Alaska's

largest island.] The Russians wrote it in dif-

ferent ways, among them Kyktak, and

eventually the extremely garbled variant

Kodiak was adopted as the standard. The

name Koniag, or . . . [Sewastianoff's] 'Can-

aga,' comes from Aleut Kanaaghixh, which

is their ethnonym for the Alutiiq people of

Kodiak Island, the Alaska Peninsula, and

Prince William Sound ... in short . . . [Se-

wastianoff] was indeed referring to Kodiak

Is. and its inhabitants" (J. Leer, ANLC,
University of Alaska Fairbanks, in litt.). To-

day the name numbers (in several spellings:

"Kikhtak," "Kichtak," "Kikhtowik,"

"Kuktak") among 14 historical names at-

tributed to Kodiak Island by the Dictionary

ofAlaska Place Names (Orth 1971:535). To

that list can be added both '"I'lsle Canaga''

and the spelling ''Kyktak.''

No doubt misled by Sewastianoff's ref-

erence to the Aleutians, which were under-

stood to form an important part of the win-

ter range of the Emperor Goose, the AOU
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(1910, 1931) mistook for synonyms the

homonyms Canaga and Kanaga and first

identified the type locality as "Probably

Kanaga (or Kyktak) Island, Aleutian Is-

lands," an error perpetuated thereafter as

simply "Kanaga Island, Aleutian Islands"

(AOU 1957, 1983, 1998). Founded in 1792,

the community that became the town of Ko-

diak was the first permanent Russian settle-

ment in Alaska, and as a focal point of ex-

ploration Kodiak Island became the type lo-

cality of more than a dozen avian taxa—the

very first of them Chen canagica, which

continues to reach its eastern limit of winter

range in the Kodiak archipelago.
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A new species of Alsodes (Anura: Leptodactylidae) from
Cerro Mirador, Cordillera Pelada, southern Chile

J. Ramon Formas, Cesar C. Cuevas, and Lila M. Brieva

Institute de Zoologia, Universidad Austral de Chile, Casilla 567, Valdivia, Chile

Abstract.—A new species of frog, Alsodes valdiviensis, is described from

the locality of Cerro Mirador, Cordillera Pelada, southern Chile, based on

adults, osteology, and karyotype. No sympatric occurrence of another conge-

neric species is known from the type locality.

The Cordillera Pelada (65 km length,

maximum altitude 1100 m) is part of the

Chilean Coastal Range situated between the

rivers Calle—Calle and Bueno (Valdivia

Province, southern Chile, Fig. 1). In the

near past, most surface of this area was cov-

ered by Nothofagus (Fagaceae) and Fitz-

roya cupressoides (Cupressaceae) forests;

however, high degree of human-induced

disturbance can be observed (forestry and

fire) and few spots of the original forests

remain. One of these residual areas is Cerro

Mirador (40°08'S, 73°40'W) where a series

of herpetological collections was made be-

tween 1998 and 2000. As a result of this

fieldwork a new species of frog of the ge-

nus Alsodes was collected. Frogs of the ge-

nus Alsodes Bell 1843, are distributed in

central and southern Chile and along the

eastern slope of the Andes, in Argentina

(south of Mendoza city) (Formas et al.

1998). The following species have been de-

scribed: A. australis, A. barrioi, A. gargola,

A. hugoi, A. illotus, A. kaweshkari, A. lae-

vis, A. montanus, A. monticola, A. nodosus,

A. pehuenche, A. tumultuosus, A. vanzolinii

and A. verrucosus. The taxonomic status of

A. illotus and A. laevis are not clear (Cei

1980, Frost 1985).

In this paper the new species of Alsodes

collected from Cerro Mirador is described,

including karyotype, C-banded chromoso-

mic pattern, and osteology. The new taxon

is compared with its congeners.

Materials and Methods

The description of the new species is

based on 13 frogs (see Specimens Exam-
ined) from Cordillera Pelada, Valdivia

Province, southern Chile. Specimens and

microscopic slides were deposited in the In-

stituto de Zoologia, Universidad Austral de

Chile (IZUA). Measurements were taken

with a dial caliper to the nearest 0.1 mm.
Adults were measured according to Cei

(1962). The following data were taken:

snout-vent length (SVL), head length, head

width, tibia length, and foot length. Inter-

narial distance was measured according to

Cei (1980). Eye diameter was taken accord-

ing to Duellman (1970). Osteological ob-

servations were made on four adult speci-

mens (IZUA 2220, 2221, 3221, 3222), in

which cleared and stained skeletons were

prepared following the methods of Hollister

(1934) and Song & Parenti (1995). Carpal

elements were identified according to Fa-

brezi & Alberch (1996).

The chromosomal characteristics were

observed from five specimens of the new
species (two males, one female, and two ju-

veniles; IZUA 3237-3241) and adult fe-

male (IZUA 3317) of Alsodes barrioi

which were injected with 0.1% colchicine.

After two hours, the frogs were anaesthe-

tized with diethyl ether, cut open ventrally

under sterile conditions and the intestine

carefully removed. Metaphase plates were

obtained by squashing intestinal epithelium
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San Carlos de
Bariloche

Fig. 1. Type locality of Alsodes valdiviensis.

fragments. These were hypotonically treat-

ed with distilled water, then fixed in acetic-

alcohol (1:3), and finally placed in 45%
acetic acid. Small fragments of tissue were

squashed between a glass slide and cover

slip and dipped in liquid nitrogen; thereaf-

ter, the cover slip was removed with a razor

blade and chromosomes were allowed to air

dry. After three days, the chromosomes
were stained for 15 min in Sorensen's buff-

er (pH 6.8), containing 4% Giemsa solution

(Formas 1991). Centromeric positions were

determined according to Levan et al.

(1964). Chromosomes were treated to re-

veal C-band patterns according to Sumner

(1972).

Results

Alsodes valdiviensis, new species

Holotype.—IZUA 3202, an adult male

collected by Lila Brieva, Cesar C. Cuevas
and Jose Nunez on 13 November 2000; at

Cerro Mirador (40°08'S, 73°40'W; 1100 m
altitude) 60 km W La Union (by road)

Provincia Valdivia, Region de Los Lagos.

Paratypes.—Two adult males from the

type locality: IZUA 3203, 3241.

Diagnosis.—A large-sized species of Al-

sodes (39.5-63.4 mm) having the following

combination of characters: (1) snout strongly

truncated in dorsal profile; (2) toes thin and

fringed; (3) webbing reduced; (4) legs and

arms without dark bars; (5) head with a yel-

lowish triangle; (6) medium-sized nasals; (7)

columella absent; (8) transverse processes of

the Presacral Vertebra VI laterally oriented;

(9) 26 biarmed chromosomes.

Description of the holotype.—Body ro-

bust, arms and legs well developed. Head
1.2 times wider than long; its length 31.5%
of snout—vent length. Snout truncated in

dorsal and lateral profiles (Fig. 2A, C), can-

thus rostralis well developed, straight; lo-

real region slightly concave in cross section

with minute granules; nostrils anterolateral,

approximately midway between tip of snout

and anterior border of the eye; eye diameter

1.7 times eye—nostril distance; interorbital

distance 1.5 times internarial distance.

Tympanum absent; postocular fold well de-

veloped. Tongue rounded with notch at the
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Fig. 2. Morphological details of the male holotype IZUA 3202 of Alsodes valdiviensis. Dorsal (A), ventral

(B), and lateral (C) views of head, nuptial asperities (D), palmar (E), and plantar surfaces (F).

tip; choanae rounded; dentigerous processes

of vomer between choanae, bearing 6-7

teeth. Forehmbs of males not hypertro-

phied. Fingers in order of increasing length:

I = II-IV-III. Webbing of hand absent. Fin-

gers long with globular tips. Palmar tuber-

cles prominent, ovoid in form; palmar tu-

bercles small (4), prominent and rounded

(Fig. 2E). Males with dorsal surface of first

finger with thorny excrescences; second fin-

ger with a narrower band of spines (Fig.

2D). Hind limbs normally developed; tibio-

tarsal joint reaches the anterior border of

the eye. Toes long, thin and fringed; in or-

der of increasing length: 1 > II > III = V
> IV; tips rounded. Webbing present, thin,

but reduced. Inner metatarsal tubercle oval,

prominent, elongate; outer palmar tubercle
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smaller than the inner, rounded and promi-

nent. Tarsal fold present, thin, covering %
of the tarsus (Fig. 2F). Flanks and dorsal

surface granular; ventral surface smooth;

skin around vent and posterior thighs gran-

ular; ventral skin smooth. Arms and legs

smooth. Chest of males with two bilateral

rounded dark-brown patches of keratinous

spines (Fig. 2B). Measurements of the type

series are shown in Table 1.

Coloration.—In alcohol, dorsal surfaces

gray; head with a light gray triangle (in life

yellowish); loreal areas with black spots;

dark gray triangular path (in life light

brown) on top of head extending backwards

from space between the eyes. Venter gray;

throat whitish. Posterior thighs and cloacal

area dark brown. Live specimens with dor-

sal surfaces, arms and legs light brown with

golden tints. Venter and throat whitish. Iris

black with bronze reticulations.

Osteology.—Skull massive, slightly wid-

er than long, rounded in dorsal aspect with

broadly rounded snout; subrectangular-

shaped in lateral profile. Endochondral os-

sification of neurocranium limited to ossi-

fication of exoccipitals and prootic. Exoc-

cipitals widely separated from one another

dorsomedially; ventromedially fused, un-

stalked occipital condyles. Prootic ossifica-

tion limited to anteromedial part of otic

capsule and not in contact with exoccipitals

dorsomedially. Frontoparietals well devel-

oped and not in contact; bones acuminate

anteriorly and overlying dorsolateral brain-

case from anterior part of the orbit poste-

riorly to contact the anteromedial border of

exoccipitals and medial margins of pro-

otics. Dorsum of braincase with a large

frontoparietal fontanelle (0.5 times skull

length); the anterior half wider than the pos-

terior one. Nasals tear-like in form, medi-

um-sized, widely separated one from the

other, posterolaterally oriented. Parasphen-

oid massive, alae medium-sized, in right-

angle with cultriform process, slightly di-

lated, and associated with prootic anterior-

ly; posteromedial process slightly extended;

anterior extreme of cultriform process

2
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5 mm

5 mm

Fig. 3. Dorsal (A), ventral (B), and lateral (C) views of the skull of the specimen IZUA 3221 of Alsodes

valdiviensis. Pectoral girdle (D), and hyoid (E).

notched, almost reaching the neopalatines.

Neopalatines slender, slightly curved (an-

teriorly concave) medially reaching up the

sphenethmoid, laterally in contact with

maxillae. Prevomers medium-sized separat-

ed medially and oblique in position, bearing

seven well developed teeth. Maxillary ar-

cade composed of robust premaxillae with

alary processes dorsally directed, ten de-

veloped teeth, palatine processes well de-

veloped; slender maxillae with low pars fa-

cialis, lacking orbital processes, 29-31

maxillary teeth, and short quadratojugals

not articulating with maxillae. Pterygoids

slender, lacking flanges, anterior ramus ter-

minating nearly the anterior part of orbit

and not in contact with the palatine shelf of

the maxilla; posterior ramus well developed

reaching the palatoquadrate cartilage; me-

dial ramus terminating on anteroventral

margin of otic capsule and in slight contact

with prootic bone. Squamosals T-shaped in

lateral aspect, with slender otic and zygo-

matic rami; otic ramus shorter than zygo-

matic; otic ramus located along dorsolateral

margin of cartilaginous crista parotica; ven-

tral ramus straight contacting the quadra-

tojugal. Jaw articulation at the same level

of fenestra ovalis. Operculum present. Sta-

pes and tympanic annulus absent.
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Hyoid corpus relatively narrow, about

70% broader than midline length; hyoglos-

sal sinus narrow and deep; hyalia simple,

uniform in shape, and lacking processes;

anterolateral processes of hyoid medium-

sized and distally expanded, slender, direct-

ed anterolaterally; posterolateral processes

slightly elongated, slender, arcuate, directed

posterolaterally; posteromedial processes

well ossified, robust, broadly separated

from one another anteriorly; terminating in

cartilage posteriorly.

Pectoral girdle arciferal and delicate.

Clavicles slender, well ossified; transverse

axis of clavicular region quite straight, but

anterior margin of bone arcuate. Coracoids

straight, short; sternal and glenoid ends

slightly expanded. Pectoral fenestra shal-

low, nearly as long as broad, anterior mar-

gin and medial margin cartilaginous, pos-

terior margins formed by coracoid, lateral

margin cartilaginous. Epicoracoids cartilag-

es well developed; anterior termini anterior

to medial end of clavicles and broadly sep-

arating these bones. Omosternum well de-

veloped, cartilaginous, distal end arrow-

shaped. Sternum cartilaginous, as long as

clavicle, distally expanded, with two deli-

cate cartilaginous fibres posteriorly,

notched.

Scapula short, robust, as long as clavicle,

bicapitate, pars acromialis cartilaginous,

pars glenoidalis much smaller than pars ac-

romialis. Suprascapula broadly expanded;

anterior margin and corpus ossified as

cleithrum, posterior and lateral borders car-

tilaginous.

Vertebral column composed of eight pro-

coelus, nonimbricate, independent presacral

vertebrae. Vertebrae short and broad, with

overall width of neural arch about two

times width of centrum, and centrum width

about equal centrum length. Presacral I (at-

las) with moderately separated, shallow cer-

vical cotyles. Presacrals II-III with low

neural spines. Presacrals IV-VIII with neu-

ral spines vestigial or absent. In order of

increasing size, lengths of transverse pro-

cesses and sacrum are as follow: III < Sa-

crum < IV < II < V = VI = VII < VIII.

Ends of transverse processes of vertebrae

II-VIII and Sacrum cartilaginous. Trans-

verse processes of Presacral II distally not

expanded and anterolaterally expanded;

transverse processes of Presacral III slightly

expanded distally with slight posterolateral

orientation; Presacral IV not expanded dis-

tally and posterolateral orientation. Trans-

verse processes of Presacrals V-VIII sharp

with those of V posterolaterally oriented,

those of VI laterally oriented, and those of

VII-VIII anterolaterally oriented. Sacral di-

apophyses not dilated, rounded, distal end

cartilaginous, posterolaterally oriented; sa-

crum with bicondylar articulation with uro-

style. Urostyle robust bearing dorsal crest

that is best developed anteriorly and that is

flanked by lateral flanges of bones that di-

minish in size posteriorly.

Overall length of pelvic girdle about

equal to length of Sacrum plus presacral

vertebral column. Dial shaft robust, bearing

dorsolateral crest and low, laterally oriented

dorsal prominence. Interilial profile a nar-

row U-shaped with base of U about half the

width of the distance between anterior ends

of ilia. Ilium forming anterior margin of

round acetabulum; preacetabulum forming

approximately a 90° angle to ilial shaft. Ilia

narrowly separated from ischia posteriorly.

Ischia not articulating with one another me-

dially, forming posterior margin of acetab-

ulum. Dorsal and posterior margins of is-

chium cartilaginous. Ventral margin of ac-

etabulum formed by cartilaginous pubis.

Humerus much longer and robust than

radioulna; anterior, males with the humeral

flanges well developed. Phalangeal formula

for manus: 2-2-3-3; terminal phalanges

pointed. Seven carpal elements, most of

them cartilaginous, except a small ossified

nucleus on palmar surface of ulnare, and a

bulky ossified nucleus on palmar surface of

radiale. Prepollex with two elements, distal

one longer than the proximal; Distal Carpal

2 independent. Distal Carpal 3-5 fused. El-

ement Y, radiale and ulnare independent

(Fig. 4D).
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Fig. 4. Dorsal (A) and ventral (B) views of the vertebral column of the Sfjecimen IZUA 3221 of Alsodes

valdiviensis. Lateral view of the acetabulum (C), carpus (D), and tarsus (E).

Femur and tibiofibula similar in length.

Tibiale and fibulare fused proximally and

distally. Phalangeal formula of foot: 2—2—

3-4-3; terminal phalanges pointed. Tarsal

elements cartilaginous. Prehallux with two

elements; 6-7 small supernumeraries ele-

ments for which homology is unresolved.

Centrale and Tarsale 2 and 3 independent

(Fig. 4E).

Chromosomes.—The examination of 15

metaphase plates from both sexes revealed

a diploid number of 2N = 26. All chro-

mosomes are biarmed and the fundamental

number (FN) is 52. Pairs 1, 3, 8-1 1 and 13
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Fig. 5. Chromosomes of Alsodes valdiviensis. Standard karyotype (A), C-banded karyotype (B), and Nucle-

olus organizer regions (C).

are metacentric, pairs 2, 7, and 12 are sub-

metacentric, and pairs 4, 5 and 6 are sub-

telocentric. Pair 4 has a secondary constric-

tion in the smaller arm (Fig. 5A). When
chromosomes are arranged in pairs of de-

creasing length, pairs 1—4 are large (>100
units), pair 5 and 6 are intermediate (be-

tween 80 to 100 units), and 7—13 small

(<80 units). A summary of the relative

length, arm ratio and type of chromosomes
is presented in Table 2.

The C-banded karyotype shows consti-

tutive heterochromatin in the centromeric

region of all the chromosomes (Fig. 5B).

Heterochromatic bands can be discerned in

the pericentromeric region of the pairs 1 , 2,

9 and 1 1 . Thin heterochromatic bands can

be discerned at all the telomeres, except

short arm of pair 5. Interstitial constitutive

heterochromatin apparently does not occur

in chromosomes of A. valdiviensis. Silver

staining of chromosomes showed the NOR
to be located within the secondary (nucle-

olar) constriction in the short arm at pair 4

(Fig. 5C).

Distribution and ecology.—The species
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Table 2.—Relative length, arm ratio (mean and stan-

dard deviations), and types of chromosomes (m =

metacentric; sm = submetacentric; st = subtelocentric)

of Alsodes valdiviensis.

Pair Relative length Arm ratio Type

1 133.65 -(- 7.97 1.41 H- 0.10 m
2 121.60 H- 6.58 1.87 ± 0.74 sm
3 106.52 + 6.93 1.36 -f- 0.08 m
4* 101.42 + 4.52 4.38 4- 0.39 St

5 98.42 -t- 2.33 3.15 H- 0.91 St

6 81.82 H- 7.08 3.67 -1- 0.72 St

7 59.92 H- 2.45 1.71 ± 0.33 sm
8 56.95 + 4.11 1.33 + 0.09 m
9 53.42 -1- 1.23 1.63 + 0.32 m
10 50.00 H- 1.85 1.27 -\- 0.11 m
11 48.17 -h 2.87 1.40 -+- 0.15 m
12 44.80 H- 1.71 1.72 -h 0.44 sm
13 42.00 + 1.09 1.28 + 0.13 m

* Chromosomes vv'ith secondary constriction. Rela-

tive length was calculated according to Bogart (1970).

Arm ratio = long arm/short arm.

is presently known from only one Chilean

locality (Cerro Mirador). This hill (1100 m
altitude), located in the Cordillera Pelada

(Coastal Range) is covered by humid and

cool Nothofagus forest. This area is situated

in the Oceanic Region with Mediterranean

Influence (di Castri 1968). The annual mean
temperature of this region is 10.5°C, the rel-

ative humidity is 84%, and the annual rain-

fall ranges between 2000 to 2500 mm. Cer-

ro Mirador is the highest point of the Coast-

al Range in Valdivia Province and during

the winter is covered by snow. The Fitzroya

cupressoides forests are remarkable in this

area, and they are associated with Notho-

fagus antartica and N. pumilio. During

spring and summer, adult males were found

under logs at the border of the forest. Males

with nuptial asperities were captured during

November and December Mating call is

unknown. At this locality the following

species of reptiles and amphibians were ob-

served: Liolaemus pictus, Batrachyla an-

tartandica, B. leptopiis, Rhinoderma dar-

winii, Eupsophus calcaratus, E. verfebralis,

Hylorina sylvatica and Pleurodema t/unil.

Etymology.—The new taxon is named

for the Valdivia Province, where the type

locality is situated.

Discussion

The presence of an arciferal type pectoral

girdle, black thorny excrescences on the

thumb, and chest and humeral flanges well

developed (males only) places the new spe-

cies in the genus Alsodes Bell 1843. The

morphological similarities that exist among
the cranial patterns of the Alsodes valdi-

viensis, A. gargola, A. montanus (Lynch

1978), and A. vanzolinii (Formas 1980) are

additional antecedents that support the ge-

neric allocation of the Alsodes valdiviensis.

Despite the similarities that exist among the

skulls of the analyzed species (A. gargola,

A. montanus, A. vanzolinii, and A. valdi-

viensis), some differences were observed.

For example, the nasals bones are larger in

A. gargola, A. montanus and A. vanzolinii

than in A. valdiviensis; the maxillary pro-

cesses of the nasal bones are shorter in A.

valdiviensis than in the other species. Col-

umella is present in A. vanzolinii (Formas

1980) and A. nodosus (Formas, pers. ob-

serv.); but is absent in A. valdiviensis.

Differences were also detected in the ver-

tebral column (e.g., the transverse processes

of the Presacral vertebra VI are deflected

anteriorly in A. gargola, posteriorly in A.

montanus, and in A. vanzolinii; but they are

laterally oriented in A. valdiviensis).

Cei (1980) considered that two morpho-

logical different evolutionary lines exist in

the genus Alsodes. One stock has a rather

simple horny ornamentation on the thumb

pad (e.g., A. nodosus and A. tumultuosus),

and the other showing a more complex

spiny structure on the first finger [e.g., A.

australis, A. kaweshkari, A. hugoi (Formas

et al. 1997, 1998; Cuevas & Formas 2001)].

The characteristics of the nuptial pads of A.

valdiviensis suggest that this species can be

included in the stock with simply horny or-

namentation.

Based on the snout-vent length (SVL),

frogs of the genus Alsodes can be divided
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Fig. 6. Karyotype of a female of Alsodes barrioi. Arrow shows the secondary constriction.

into three group species: the small-sized

group species [A. vittatus (37.4 mm), A.

gargola (40.8 mm), and A. verrucosus (42.4

mm)]; the medium-sized group species [A.

monticola (49.1 mm), A. montanus (50.2

mm), A. vanzolinii (51.1 mm) and A. pe-

huenche (52.3 mm)]; and the large-sized

group species [A. tumultuosus (61.5 mm),
A. nodosus (58.5 mm), A. barrioi (58.5

mm), A. kaweshkari (61.1 mm), A. australis

(55.0 mm), A. valdiviensis (53.2 mm), and

A. hugoi (69.0 mm)]. Among the large-

sized group species A. valdiviensis and A.

barrioi are almost similar in external mor-

phology and for this reason specimens

(IZUA 1529-1530) from Cordillera Pelada

(Valdivia Province) were confounded by

Formas et al. (1997) with A. barrioi (now

A. valdiviensis). The chromosomic evidenc-

es show that the specimens of Cordillera

Pelada (A. valdiviensis) have 26 biarmed

chromosomes whilst A. barrioi from Na-

huelbuta Range (Arauco Province) have a

distinctive karyotype with 34 chromosomes
(Fig. 6) (nine biarmed pairs and eight mon-
oarmed ones; Veloso et al. 1981; this pa-

per). The distributional pattern of A. barrioi

is restricted to Nahuelbuta Range, whilst A.

valdiviensis has been only collected in the

Pelada Range. The chromosomic and dis-

tributional patterns are appropriate anteced-

ents to distinguish A. valdiviensis from A.

barrioi. Alsodes nodosus differs from A.

valdiviensis in chromosomic number (2N =

22; Bogart 1970) and distributional pattern

(Central Chile; Veloso & Navarro 1988);

likewise the hind limbs of A. nodosus are

barred (in A. valdiviensis this pattern is ab-

sent). Despite Alsodes valdiviensis, A. tu-

multuosus, A. kaweshkari, and A. australis

share a karyotype with 26 biarmed chro-

mosomes (Veloso et al. 1979; Formas et al.

1997, 1998), they differ in external mor-

phology of feet and distributional patterns.

Alsodes kaweshkari, a species from Wel-

lington Island (Ultima Esperanza Province),

presents the lateral fringes of the toes to-

tally fringed (reduced in A. valdiviensis).

Alsodes tumultuosus, from the western

slopes of Los Andes Range from Central

Chile (Los Andes Province), shows a me-

dium developed webbing pattern between

the toes V and IV (in A. valdiviensis this

membrane is reduced). The dorsal pattern

of A. tumultuosus is reticular with irregular

dark spots (in A. valdiviensis the dorsal pat-

tern consists in a wide irregular ribbon ex-

tending above the eyes). Alsodes valdivien-

sis has a yellowish triangle on the head; this

character is absent in A. tumultuosus.

Alsodes valdiviensis differs from A. aus-

tralis in having the snout rounded in dorsal

view (truncate in A. valdiviensis) and a dis-

junct distributional patterns [A. valdiviensis
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is restricted to the Cerro Mirador (Valdivia

Province) whilst A. australis has been col-

lected in Llanquihue and General Carrera

Provinces (Formas et al. 1997)].

Based on our karyological determination

of 26 biarmed chromosomes, A. valdivien-

sis belongs to the monticola group (Formas

& Vera 1983). Karyotypes with 26 biarmed

chromosomes (FN = 52) have been postu-

lated by Reig (1972) and Formas & Cuevas

(2000) as the primitive condition for mem-
bers of the family Leptodactylidae. If a kar-

yotype with 26 biarmed chromosomes is

considered primitive in Alsodes, the pres-

ence of 34 chromosomes (FN = 52) in A.

barrioi (Veloso et al. 1981, Formas et al.,

this paper) should be considered as a de-

rived condition.

Specimens Examined

Abbreviations.—Departamento de Biol-

ogia Celular y Genetica, Universidad de

Chile (DBCG), Chile; Instituto de Zoologia,

Universidad Austral de Chile (IZUA),

Chile; Museo de Zoologia, Universidad de

Concepcion (MZUC), Chile.

Alsodes australis: IZUA 1626-1628

(type series); Puente Traihuanca, General

Carrera Province, 420 m, Chile.

Alsodes barrioi: IZUA 3200-3201, 3317

(chromosomes); Rucapehuen, Cordillera de

Nahuelbuta, Arauco Province, Chile.

Alsodes gargola: IZUA 3079; Laguna

Tonchek, Cerro Catedral, Parque Nacional

Nahuelhuapi, Rio Negro Province, 1750 m,

Argentina.

Alsodes kaweshkari: IZUA 1624 (holo-

type); Puerto Eden, Isla Wellington, Ultima

Esperanza Province, 10 m, Chile.

Alsodes montanus: IZUA 824; Estero

Covarrubias, Santiago Province, 2400 m,

Chile.

Alsodes monticola: IZUA 3114-3115;

Balderas, Isla Wellington; 3122-3124
Puerto Rio Frio, Isla Wellington, Ultima Es-

peranza Province, Chile.

Alsodes nodosus: IZUA 768-773, 777

(cleared and stained skeleton); Aguas Clar-

as, Petorca Province, 150 m, Chile.

Alsodes pehuenche: IZUA 3242-3244;

Valle del Pehuenche, Malarhue Province,

2500 m, Argentina.

Alsodes tumultuosus: DBCG 161-162;

La Parva, Santiago Province, 2600 m,

Chile.

Alsodes valdiviensis: IZUA 3202 (holo-

type), 3203, 3241 (paratypes), 1529-1530;

2220, 2221, 3221, 3222 (cleared and

stained skeletons), 3237-3241 (chromo-

somes); Cordillera Pelada, Valdivia Prov-

ince, 1020 m, Chile.

Alsodes vanzolinii: MZUC 12063-

12070; Ramadillas, Arauco Province, 100

m, Chile.

Alsodes verrucosus: IZUA 2215—2218;

Puyehue, Osomo Province, 500 m, Chile.

Alsodes vittatus: MZUC (untagged); Cor-

dillera de Pemehue, Malleco Province,

1152 m, Chile.
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Abstract.—A new species of the poorly known glanapterygine genus Listru-

ra is described from the State of Parana, Southern Brazil. Listrura boticario,

new species, is distinguished from its congeners by the absence of a dorsal fin

and the autapomorphic presence of two pectoral-fin rays, a unique trait within

trichomycterids. The limited phylogenetically informative data currently avail-

able indicates that the new species is the sister group to L. nematopteryx.

Listrura boticario apparently occurs in the same peculiar microhabitat typical

for other species of Listrura.

Resumo.—Uma nova especie do pouco conhecido genero de Glanapterygi-

nae Listrura e descrita do Estado do Parana, sul do Brasil. Listrura boticario,

nova especie, distingue-se das outras especies do genero pela ausencia de na-

dadeira dorsal e pela presen9a autapomorfica de dois raios na nadadeira pei-

toral, uma caracteristica unica entre Trichomycteridae. Embora poucos dados

filogeneticamente informativa esteja disponivel, a nova especie parece ser o

grupo-irmao de L. nematopteryx. Listrura boticario parece ocupar o mesmo
tipo de micro-habitat peculiar que as outras especies do genero.

Trichomycterids of the subfamily Glan-

apteryginae include some of the most dis-

tinctive of all catfishes, and are among the

most unusual elements of the neotropical

freshwater fish fauna. The morphologically

most highly specialized members of the

group, belonging to the genera Pygidianops

and Typhlobelus, are blind, unpigmented

sand-dwellers remarkably reminiscent of

the amphioxus in general body aspect (cf.

Myers 1944). The less specialized species,

discovered more recently (de Pinna 1988)

and included in Listrura, are pigmented,

eyed inhabitants of leaf litter in semi-tem-

porary water bodies in the Atlantic forest

region of Southeastern and Southern Brazil.

Their unusual habitats were discussed in

Nico & de Pinna (1996). All glanapterygi-

nes are small-sized, secretive, cryptic, and

with an irregular pattern of populational

distribution, traits that make them rare in

museum collections. Expectedly, samples

of glanapterygines usually represent new
taxa (e.g., Landim & Costa 2002), and cur-

rent knowledge about the biodiversity of

the subfamily is markedly incomplete.

The subfamily Glanapteryginae was first

supported as monophyletic by Baskin

(1973). That hypothesis was corroborated

in subsequent studies, which also incorpo-

rated new characters and information on

forms discovered in the interim (de Pinna

1988, 1989, 1998; Costa & Bockmann
1994). All evidence indicates that Listrura,

with three (four, with the new form reported

herein) species from Southern and South-

eastern Brazil, is the sister group to the re-

mainder of the Glanapteryginae, composed

of Amazonian and Orinocan forms. Within

the latter subgroup, Glanapteryx (2 species)

is the sister group to Pygidianops (1 spe-

cies) plus Typhlobelus (2 species).

In this paper we report on a distinctive

new species of Listrura discovered in a pri-
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Fig. 1. Listrura boticario, holotype, MZUSP 69573, 36.7 mm SL, lateral view.

vate forest preserve in State of Parana,

Southern Brazil. Although currently known
from only a single specimen, its distin-

guishing characters leave little doubt that it

represents a new taxon. Additional speci-

mens are necessary for more detailed stud-

ies, but it is timely to formally describe the

new species with the^material at hand. This

is the first occurrence of a representative of

the genus and subfamily in the State of Pa-

rana, and documenting the existence of the

species is prerequisite for biodiversity in-

ventories and conservation measures. Fur-

thermore, having the species name formally

available will undoubtedly stimulate search

for additional specimens.

Materials and methods.—All measure-

ments are straight-line, taken with digital

calipers. Body depth and internarial width

were taken according to de Pinna (1989),

anal-fin base length included the rim of in-

tegument along its anterior edge, caudal-pe-

duncle depth was measured at the vertical

through midlength of caudal peduncle. Re-

maining measurements followed Tcherna-

vin (1944), but with rostral part of the head

called snout length herein. Abbreviations

are: CAS (California Academy of Sciences,

San Francisco); INPA (Instituto Nacional

de Pesquisas da Amazonia, Manaus);
MZUSP (Museu de Zoologia da Universi-

dade de Sao Paulo, Sao Paulo); ex (number

of specimens); C&S (material cleared and

stained); SL (standard length); and HL
(head length).

Comparative glanapterygine material ex-

amined.—Glanapteryx anguilla: CAS

56048 (holotype), MZUSP 36530 (21 ex, 2

Cc&S). Glanapteryx niobium: INPA 12421

(holotype). Listrura nematopteryx: MZUSP
36974 (holotype), MZUSP 36975 (12 para-

types), MZUSP uncat. (5 ex C&S). Listrura

camposi: MZUSP 63440 (1 ex). Listrura te-

traradiata: MZUSP 50164 (3 paratypes).

Pygidianops eigenmanni: CAS 11121 (2

paratypes, 1 C&S). Pygidianops sp.: INPA
8080 (3 ex). Typhlobelus temetzi: CAS
56201 (2 paratypes, 1 C&S). Typhlobelus

sp.: INPA 12929 (10 ex, 2 C&S). Compar-

ative material of other trichomycterids is

listed in de Pinna (1992).

Listrura boticario, new species

Figs. 1 and 2

Holotype.—MZ\]S,Y> 69573, 36.7 mm
SL, Brazil, State of Parana, Municipio de

Guaraquegaba, pool adjacent to Rio da Fi-

gueira (tributary of Rio Morato, itself trib-

utary to Rio Guaraquegaba, an isolated

coastal basin that drains directly into the

Baia das Laranjeiras), inside the nature pre-

serve "Reserva Particular do Patrimonio

Natural Salto Morato" (25°16'S, 48°12'W,

UTM: 7.212.500-7.215.400), collected by

W. B. Wosiacki & J. C. Mateus, 30 Jul

1994.

Diagnosis.—The two-rayed pectoral fin

distinguishes the new species from all other

trichomycterids, which can have either a

single ray, or three or more. Listrura boti-

cario is further distinguished from its con-

geners by the absence of the dorsal fin.

Within glanapterygines, the combination of
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Fig. 2. Listrura boticario, holotype MZUSP 69573, views of head. A—dorsal; B—ventral.

presence of an anal fin and absence of the

dorsal fin occurs only in species of Pygi-

dianops and Typhlobelus, which are readily

distinguishable from Listrura by the lack of

dark skin pigmentation, and the possession

of very reduced or absent eyes and very

short or absent pectoral fins. Listrura boti-

cario can be further distinguished from spe-

cies of Glanapteryx by the presence of an

anal fin and rounded caudal-fin margin. The
new species is similar to the other species

included in Listrura, except L. tetraradiata,

in having only two latero-sensory pores on

the skull, a consequence of a synapomorph-

ic reduction of the latero-sensory canal sys-

tem, which extends anteriorly only as far as

the pterotic in that genus. The absence of a

dorsal fin is also seen in most glanaptery-

gines, except the three congeners of L. bo-

ticario, and the absence of pelvic fins is

likewise shared with all other members of

the subfamily except some specimens of

Glanapteryx.

Description.—Morphometric data are

provided in Table 1 . Overall form of body

similar to that of L. nematopteryx (see de

Pinna 1988, fig. 1 and Fig. 1 of present pa-

per). Body elongate, head wider than trunk

in dorsal view. Body slightly compressed

anteriorly, gradually becoming more so

posteriorly. Caudal peduncle gently taper-

ing posteriorly toward caudal fin. Dorsal

and ventral profiles of body nearly straight.

Dorsal and ventral profiles of caudal pe-

duncle (including fold corresponding to

procurrent rays) gently convex and contin-

uous with caudal fin. Dorsal keel of caudal

peduncle extending anteriorly as low, mid-

dorsal, rayless, cutaneous fold to beyond

vertical through anus (Fig. 1).

Head small (HL approximately 13% of

SL), depressed, shallower than body, with

dorsal surface flat (Fig. 2A). Branchial

membranes narrowly united to isthmus, gill

openings wide, not constricted. Eyes locat-

ed dorsolaterally on head, very small but

well formed, with distinct lenses and cov-

ered by thin transparent integument (Fig.

2A). Posterior naris oval (not round as in

other species of Listrura), located midway
between eye and anterior naris, and sur-

rounded by low rim of integument, longer
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Table 1.—Morphometric data for holotype of Lis-

trura boticario MZUSP 69573 (in mm or as proportion

of SL or HL, as indicated in parentheses).

standard length (mm) 36.7

total length (SL) 1.13

preanal length (SL) 0.73

body depth (SL) 0.11

caudal peduncle length (SL) 0.22

caudal peduncle depth (SL) 0.10

anal-fin base length (SL) 0.06

head length (mm) 4.8

head width (HL) 0.85

head depth (HL) 0.50

mouth width (HL) 0.44

interorbital (HL) 0.25

eye diameter (HL) 0.06

snout length (HL) 0.41

anterior internarial width (HL) 0.23

posterior internarial width (HL) 0.19

pectoral-fin length (HL) 0.92

maxillary barbel length (HL) 0.77

rictal barbel length (HL) 0.61

nasal barbel length (HL) 0.66

anteriorly. Anterior nares surrounded by

tube of integument, continuous posterolat-

erally with nasal barbel. Opercular patch of

odontodes small, with approximately six

odontodes surrounded by fleshy rim of in-

tegument. Interopercular patch of odonto-

des rounded, twice as large as opercular

patch, with approximately eight odontodes

surrounded by rim of integument. Two con-

spicuous sensory pores, situated near dorsal

margin of opercular patch of odontodes,

representing anterior limit of cephalic la-

tero-sensory system. Posterior pore located

slightly anterior to vertical through base of

pectoral fin. Mouth subterminal, with upper

jaw slightly longer than lower and its cor-

ners slightly curved posteriorly in ventral

view. Upper lip continuous with dorsal sur-

face of head. Lower lip narrow and well

differentiated, nearly straight, its width

nearly constant along its entire extent (Fig.

2B). Snout with flat lateral expansion be-

tween eye and maxillary barbel base (Fig.

2). All barbels large and robust, similar to

each other in general aspect and with visi-

ble internal cores. Extended maxillary bar-

bel reaching base of pectoral fin. Rictal bar-

bel reaching posterior margin of interoper-

cular patch of odontodes. Nasal barbel

reaching posterior margin of opercular

patch of odontodes. Lateral line nearly ab-

sent, represented by short oblique branch

posterodorsal to base of pectoral fin, and

detectable as two pores.

Pectoral fin long, narrow, originating im-

mediately posterior to posterior margin of

branchial membrane, and at vertical

through posterior margin of opercular patch

of odontodes (Fig. 2). Two segmented, un-

branched pectoral-fin rays present. First ray

approximately equal to HL, thicker and

more than twice as long as second ray. Dis-

tal half of first ray coiled in holotype, prob-

ably as a postmortem effect, judging from

similar situation often present in L. nema-

topteryx. Axillary gland small, apparently

restricted to area posterodorsal to base of

pectoral fin, with small pore located im-

mediately dorsal to base of fin. Anal fin

small, with six segmented unbranched rays

(third and fourth longest) plus two small an-

terior unsegmented procurrent rays embed-

ded in integument. Origin of anal fin adja-

cent to posterior margin of anus and con-

tinuous with integument surrounding vent.

Dorsal and pelvic fins absent. Caudal fin

large with round margin smoothly contin-

uous with caudal peduncle. Caudal-fin rays

5 + 6 (middle two rays longest), with

branched rays dividing once. Procurrent

caudal-fin rays numerous, at least 30 dor-

sally and 28 ventrally. Exact number diffi-

cult to determine in alcoholic specimen.

Five branchiostegal rays visible through

overlying skin.

Pigmentation in preservative.—Dorsal

one-third of trunk and all of caudal pedun-

cle covered with round dark marks, more
concentrated along their ventral limit on

trunk (Fig. 1). A longitudinal series of tiny

white dots along darkest part of trunk, su-

perficially similar to pores of lateral line

(which, as noted, is absent on the trunk of

the species), probably representing neuro-

masts. Myomeres outlined by white lines on

posterior one-third of trunk, gradually re-
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placed by dark lines posteriorly on caudal

peduncle. Dorsal surface of muscular base

of pectoral fin with ring of dark pigment

surrounding opening of axillary gland. Cau-

dal fin with elongate dark fields on mem-
branes of basal portions of principal rays.

Region of procurrent caudal-fin rays with

sparse dark fields dorsally but lacking dark

pigment ventrally. Short dark band extend-

ing alongside base of anal fin. Anal and

pectoral fins without dark pigment. Dorsal

surface of head with irregular covering of

semi-coalesced dark marks that do not form

any definite pattern (Fig. 2A). Marks dens-

est on snout and extending onto base of

both opercular and interopercular patches of

odontodes. Region of neurocranium darker

than rest of head. Teardrop-shaped white

area ventrolateral to each eye. Limit be-

tween head and trunk delineated by poorly-

defined "M"-shaped white line. Rims of

posterior nostrils and sensory pores white.

Maxillary barbel with elongate scattering of

dark chromatophores on its dorsal surface;

ventral surface with sparse dark fields near

base. Similar patterns of dark pigmentation

on nasal and rictal barbels, but faintest on

latter. Ventral side of head less darkly pig-

mented than dorsal, with irregular field of

dark chromatophores over mental region;

field of pigment curving posteriorly along

bases of branchiostegal rays and then ven-

trally joining dark covering of interoper-

cular patch of odontodes (Fig. 2B). Lower
lip white, except for concentration of dark

chromatophores medially.

Etymology.—The name honors the O Bo-

ticario Foundation, which owns and main-

tains the private nature preserve in Guara-

que9aba where the new species was found.

A noun in apposition.

Habitat notes.—The single specimen of

Listrura boticario was collected by hand-

seining in a pool on a small island sur-

rounded by the Rio da Figueira. The pool

was isolated on the island but adjacent to

the river, and presumably is confluent with

the river during the peak of the rainy sea-

son. Standing water was only about 2-3 cm

deep, but it covered a thick layer of loose

organic debris, into which collectors sunk

nearly one meter at some sites. The whole

area had a dense cover of emergent vege-

tation, and the surface of the leaf litter had

thick deposits of loose, rust-colored bacte-

rial growth. The habitat is similar to that

described for L. nematopteryx by Nico &
de Pinna (1996), except that there was no

evident underground source for the water,

although a slight surface current was no-

ticeable. Several hours of additional col-

lecting subsequent to the capture of the ho-

lotype failed to secure additional specimens

of the species. Additional collecting in sim-

ilar habitats around the type locality was

also unsuccessful. Populations of the close-

ly related L. nematopteryx apparently have

a rather spotty distribution, with locally

abundant populations concentrated in ex-

tremely restricted areas. If the new species

follows this pattern, then it seems that the

holotype was, at least on a small scale, a

stray specimen.

Discussion.—Because a single specimen

of L. boticario is currently available, its in-

ternal anatomy remains unknown. Howev-
er, various details of its external morphol-

ogy permit inferences about its phylogenet-

ic relationships. The placement of the spe-

cies in the subfamily Glanapteryginae is

supported by three externally observable

synapomorphies: 1) Pectoral-fin rays three

or fewer; 2) Principal caudal-fin rays 5+6
or fewer; and 3) Latero-sensory system re-

duced on skull, and not entering the frontals

(de Pinna 1988, 1998; see also Arratia &
Huaquin 1995 for comparative schematic il-

lustrations of the latero-sensory canal sys-

tem in various trichomycterids). There is no

known instance of a reversal of any of these

characters. The last synapomorphy is in-

ferred for L. boticario on the basis of the

absence of any latero-sensory pores in the

region of the head conesponding to the

frontal bones. One of the few proposed syn-

apomoiphies for the genus Listrura is the

more extreme reduction of the cephalic la-

tero-sensory canals, which do not penetrate
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the sphenotic but are restricted to the pter-

otic and supracleithrum. Again, the pres-

ence of this synapomorphy in Listrura bo-

ticario is inferred by the presence of only

two pores in the temporal region of the

head. This condition occurs in L. nematop-

teryx and L. camposi (in the latter, the con-

dition was also inferred from the pattern of

pores by de Pinna 1988). This character

state is also present in Typhlobelus. Based

on currently accepted concepts on glanap-

terygine relationships (Costa & Bockmann
1994; de Pinna 1988, 1989, 1998), the oc-

currence of this feature in both Listrura and

Typhlobelus is convergent. Still, its value as

evidence of relationships requires further

investigation. The recently described L. te-

traradiata has the latero-sensory canal sys-

tem entering the sphenotic (Landim & Cos-

ta 2002), and has one additional anterior

pore seen on the surface of the head. That

is a plesiomorphic condition which may in-

dicate that the species is the sister group to

remaining species in the genus. Proper un-

derstanding of the phylogenetic significance

of this character will require a quantitative

phylogenetic analysis including all species

in the subfamily.

De Pinna (1988) proposed that the bottle-

shaped vomer in L. nematopteryx might be

a synapomorphy for Listrura, pending con-

firmation of the character in other species

of the genus. Landim & Costa (2002) ob-

served the same derived condition in L. te-

traradiata, thus providing further support

for the interpretation advanced in de Pinna

(1988). The condition of the vomer in L.

camposi and L. boticario remains unknown
because of the lack of study material.

Identification of the sister group of L. bo-

ticario within Listrura is difficult with the

limited data available. The more extreme

reduction of the pectoral-fin rays (4 in L.

tetraradiata, 3 in L. camposi, 2 in L. boti-

cario, and 1 in L. nematopteryx) may be

indicative that Listrura boticario and L. ne-

matopteryx are sister groups. This interpre-

tation relies on the number of pectoral-fin

rays being treated as a multistate character.

ordered according to a morphoclinal se-

quence. The state of four rays is closer to

the plesiomorphic condition (all other tri-

chomycterids and other loricarioids have

five or more rays) and therefore is the ple-

siomorphic end of the series, with two and

one rays considered to be successively de-

rived states. This character has a homoplas-

tic distribution in other glanapterygine gen-

era, as discussed by Landim & Costa

(2002). It is interesting to notice, however,

that the state closest to the plesiomorphic

condition (four rays) is seen in L. tetrara-

diata. The same species is also the only Lis-

trura with a plesiomorphic laterosensory

canal in the sphenotic (see above). This cor-

roborates the hypothesis that L. tetraradiata

is the sister group to all other Listrura.

The absence of a dorsal fin also seems to

have a homoplastic distribution within glan-

apterygines. In addition to L. boticario, a

dorsal fin is also absent in all species of

Glanapteryx, Pygidianops, and Typhlobe-

lus, which are hypothesized to form a

monophyletic group (Baskin 1973; de Pin-

na 1988, 1989, 1998). The presence of a

dorsal fin in the two other species of Lis-

trura indicates that the fin has been con-

vergently lost in L. boticario, a hypothesis

that explains the distribution of the char-

acter with two steps. The alternative inter-

pretation, that the loss of fin is homologous

in all taxa, would require three steps (the

loss at the base of the subfamily, with three

subsequent reacquisitions in L. tetraradiata,

L. camposi and L. nematopteryx). Those

numbers rely on the assumption discussed

above that L. tetraradiata and L. camposi

are two successive sister groups to their

congeners. In any event, inferences about

the evolution of specific characters in the

group are at present highly speculative. The

phylogeny of species of Listrura is poorly

understood, and current knowledge of their

diversity is as incomplete as that of other

glanapterygines. This situation makes any

inferences based on character optimization

premature.
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Abstract.—Aspidoras velites, from the upper Rio Araguaia basin (Rio To-

cantins drainage) in Central Brazil, is described. The new taxon is an unusual

corydoradine species, showing several reductive features, and resembling in

external morphology and coloration the loricariid hypoptopomatine catfishes.

The new species differs from its congeners by a naked predorsal area, the first

pectoral-fin element not modified as a spine, a weak dorsal spine, minute ver-

miculate platelets on the ventral surface between the isthmus and pelvic re-

gions, a short narrow posterior process of supraoccipital, and the presence of

three longitudinal dark stripes. Some of the features presented above are re-

ductive, possibly indicating that the new species is paedomorphic.

Resumo.—Aspidoras velites, da bacia do alto Rio Araguaia (drenagem do

Rio Tocantins) no Brasil, e descrita. O novo taxon e uma especie de coridor-

adineo bastante incomum, com varios caracteres redutivos, e assemelha-se na

morfologia externa e coloragao aos loricariideos hipoptopomatineos. A nova

especie difere de suas congeneres pela area pre-dorsal nua, o primeiro elemento

da nadadeira peitoral nao modificado em um espinho, o espinho da nadadeira

dorsal delgado, minusculas placas vermiculadas na superficie ventral, entre o

istmo e a regiao pelvica, o processo posterior do supraoccipital curto e estreito

e presenga de tres faixas longitudinals escuras. Algumas das caracteristicas

apresentadas acima sao redutivas, o que possivelmente indica uma condi§ao

pedomorfica para a nova especie.

The genus Aspidoras comprises 18 nom- of the preserved material revealed that this

inal species of catfishes occurring in several striking catfish was a new species of Aspi-

river drainages of central, northeastern, and doras with several putatively paedomorphic

northern Brazil (Britto 2000). Notwithstand- features. The upper Rio Araguaia is bound-

ing several contributions to the taxonomy of ed in the southeast by tributaries of the Rio

the genus (Nijssen & Isbriicker 1976, 1980; Paranaiba, Rio Parana basin, and in the

Weitzman & Balph 1979; Britto 1998, 2000; southwest, by headwaters of the Rio Itiquira

Lima & Britto 2001), the status of most spe- and the Rio Taquari, Rio Paraguai basin,

cies as well as their phylogenetic relation- The upper Rio Itiquira, type locality of the

ships are still poorly known. recently described Aspidoras taurus Lima
During a recent fish survey in the upper & Britto (2001), is situated only about 40

Rio Araguaia system in Estado do Mato km from the type locality of the new spe-

Grosso, Brazil, two of the authors (FCTL cies. The present find reinforces the view
and CRM) collected an unusual corydora- that the upper portions of the main river

dine catfish, which superficially resembled systems of Central Brazil harbor a diverse

a hypoptopomatine loricariid. Examination and endemic assemblage of fishes.
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Fig. 1. Aspidoras velites, new species, holotype, MZUSP llAAl, llt.b mm SL; Brazil, Mato Grosso, Alto

Araguaia, corrego Boiadeiro.

Material and Methods

Morphometric and meristic data were

taken according to Reis (1997) for the sub-

family Callichthyinae, except for the length

of the anal spine, which is absent in all cor-

ydoradines, and pectoral-spine length, ab-

sent in the new species. Measurements were

obtained using 0.1 mm precision calipers.

Tooth and vertebral counts were taken from

cleared and stained (cs) material, prepared

according to Taylor & Van Dyke (1985).

Vertebral counts included only free centra;

the compound caudal centrum (preural 1 +
ural 1) was counted as a single element. In

the description, the frequency of each count

is provided in parentheses after the respec-

tive count. Counts from the holotype are

indicated by an asterisk. Drawings were

made with the aid of a camera lucida of the

left side of the specimens; stippling indi-

cates bone, and small circles indicate car-

tilage. Osteological terminology follows

Reis (1998). Nomenclature of latero-sen-

sory canals follows Schaefer & Aquino

(2000). Homology of preopercular pores

follows Schaefer (1988). Institutional ab-

breviations are as listed by Leviton et al.

(1985).

Aspidoras velites, new species

Figs. 1-3

Holotype.—MnJSY' lAAAl, female, 23.6

mm SL; Brazil, Estado do Mato Grosso,

municipio de Alto Araguaia, corrego

Boiadeiro, km 487.08 of Ferronorte rail-

road, 17°20'01"S, 53°14'53"W; C.R. Mor-

eira & FC.T Lima, 16 May 2001.

Paratypes.—All localities in Brazil, Es-

tado do Mato Grosso, municipio de Alto

Araguaia: AMNH 232394, 5 ex., 14.7-20.5

mm SL; INPA 18147, 5 ex., 18.0-21.4 mm
SL; MCP 29060, 5 ex., 17.3-22.3 mm SL;

MZUSP 73264, 89 ex., 8 cs, 9.6-24.7 mm
SL; USNM 367502, 5 ex., 15.5-19.9 mm
SL; same data as holotype. MZUSP 73247.

25 ex., 15.8-27.9 mm SL; corrego Gordura,

Fig. 2. Aspidoras velites. new species, lateral view of paratype, MZUSP 73264, 24.7 mm SL: Brazil. Mato

Grosso, Alto Araguaia. corrego Boiadeiro.
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Fig. 3. Dorsal (left) and ventral (right) views of head and pectoral fins of Aspidoras velites, new species,

holotype, MZUSP 77447, 23.6 mm SL; Brazil, Mato Grosso, Alto Araguaia, corrego Boiadeiro.

km 491.4 of the Ferronorte railroad,

17°18'20"S, 53°16'22"W; C.R. Moreira &
F.C.T. Lima, 15 May 2001. MZUSP 73351,

19 ex., 13.8-26.6 mm SL; ribeirao do Sapo,

Km 464.04 of Ferronorte railroad,

17°31'11"S, 53°15'33"W; C.R. Moreira &
FC.T. Lima, 21 May 2001.

Diagnosis.—Aspidoras velites is distin-

guished from its congeners by the following

unique features: naked predorsal area (vs.

covered with dorsolateral body plates); first

pectoral-fin element not modified as spine

(vs. modified as spine); minute vermiculate

platelets present on ventral surface between

isthmus and pelvic regions (vs. platelets ab-

sent); posterior process of supraoccipital

narrow (vs. wide), and separated from nu-

chal plate by distance of twice its length

(vs. about one-fourth); dorsal-fin spine

weak (vs. strong).

Aspidoras velites also is distinguished

from all other Aspidoras species, except A.

virgulatus, by the presence of three longi-

tudinal dark stripes. In addition to the char-

acters mentioned above, it is also distin-

guished from Aspidoras virgulatus by
smaller body depth, 15.0-20.3% SL (vs.

deeper body, 24.9-34.3% SL), and absence

of odontodes on sides of head in mature

males (vs. presence).

Description.—Morphometric data are

given in Table 1 . Head slightly compressed,

dorsal profile straight to slightly convex.

Snout bluntly pointed in dorsal view. Dor-

sal profile of body weakly convex from tip

of supraoccipital process to base of last dor-

sal-fin ray. Profile slightly concave, nearly

straight, from that point to adipose-fin

spine. Profile straight from that point to

caudal-fin base; slightly concave in small

specimens. Ventral body profile slightly

convex from isthmus to ventral region of

cleithrum, concave at coracoids, convex at

pelvic girdle region. Profile straight from

that point to first anal-fin ray, slightly con-

cave from latter point to caudal-fin base.

Trunk roughly cylindrical in cross-section

at pectoral girdle, gradually more com-

pressed towards caudal fin.

Eye lateral; orbit delimited dorsally by

frontal and sphenotic, ventrally by infraor-

bitals. Anterior and posterior nares close to

each other, separated by thin flap of skin;

anterior naris tubular. Posterior nans close

to anterodorsal margin of orbit, separated

from it by distance equal to naris diameter.

Mouth subterminal, nearly as wide as bony

orbit. Two pairs of maxillary barbels, and

one pair of mental barbels. Ventral maxil-

lary barbel slightly longer than dorsal,

reaching anterior limit of gill opening ven-

trally. Minute rounded papillae present on
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Table L—Morphometric data for the holotype and paratypes of Aspidoras velites (MZUSP 73247, n

MZUSP 73351, n = 10; MZUSP 73264, n = 14).

15;

Character Holotype 11 Range Mean

Standard length (mm) 23.6 40 20.1-27.9

Percentages of standard length

Depth of body 20.3 40 15.0-20.3 17.9

Predorsal distance 37.7 40 37.7^3.6 40.6

Prepelvic distance 41.5 40 38.6-46.3 42.6

Preanal distance 63.1 40 60.8-73.5 65.4

Preadipose distance 75.8 40 70.0-77.6 73.9

Length of dorsal spine 8.9 39 4.7-9.0 6.6

Length of adipose-fin spine 10.2 38 6.8-12.5 9.6

Depth of caudal peduncle 11.0 40 9.3-11.3 10.2

Dorsal to adipose distance 22.5 40 16.7-25.7 21.2

Length of dorsal-fin base 14.0 40 9.6-17.0 14.1

Maximum cleithral width 14.8 40 12.5-17.1 15.0

Head length 28.8 40 26.9-32.3 29.2

Length of upper maxillary barbel 9.3 40 9.1-13.2 11.0

Percentages of head length

Head depth 60.3 40 53.2-64.6 59.0

Least interorbital distance 33.8 40 30.3-38.3 34.1

Horizontal orbit diameter 22.1 40 12.7-22.1 18.1

Snout length 54.4 40 44.6-56.2 50.4

Least internareal distance 14.7 40 11.1-17.9 14.6

entire surface of barbels, upper and lower

lips, and isthmus. Gill membranes united to

isthmus. Four branchiostegal rays covered

by thin skin; distalmost two rays united at

tips by branchiostegal cartilage. Teeth on

I isthmus

tpelvics

Fig. 4. Detail of vermiculate platelets on ventral

surface between isthmus and pelvic regions of Aspi-

doras velites, new species, paratype, MZUSP 73264,

24.5 mm SL. Scale bar I mm.

upper pharyngeal tooth plate 19; teeth on

fifth ceratobranchial 15. Males with lance-

olate genital papilla near anus. Females

with small rod-like genital papilla. Minute

vermiculate platelets present on ventral sur-

face between isthmus and pelvic regions,

each bearing one to three minute odontodes

(Fig. 4).

Nasal, frontal, sphenotic, pterotic-supra-

cleithrum, and supraoccipital bones visible

externally; all, except nasal, bearing scat-

tered minute odontodes. Two cranial fon-

tanels present, both covered by thin skin.

Anterior fontanel small, ovoid, delimited

only by frontal bones; its posterior margin

contacting anterior margin of supraoccipi-

tal. Posterior fontanel restricted to posterior

region of supraoccipital bone, smaller than

anterior fontanel. Nasal bone slender,

slightly curved, inner margin contacting

frontal. Frontal bone rectangular, anterior

extension contacting nasal bone. Posterior-

ly, frontal contacting sphenotic and supra-

occipital. Sphenotic trapezoid, contacting

supraoccipital dorsally, pterotic-supracleith-
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rum posteriorly and infraorbital 2 ventrally.

Pterotic-supracleithrum pipe-shaped; ante-

rior (deeper) portion contacting sphenotic

anteriorly and supraoccipital dorsally, pos-

terior (slender) portion contacting first dor-

sal body plate dorsally, and first lateral line

ossicle posteriorly. Pterotic-supracleithrum

contacting opercle and cleithrum ventrally.

Supraoccipital quadrangular, with small, ex-

tremely narrow posterior process separated

from nuchal plate by distance equal to twice

its length. Two infraorbital bones, both vis-

ible externally, with minute odontodes scat-

tered on surface.

Opercle and preopercle visible external-

ly. Opercle deep, free margin straight. Pos-

terior region of interopercle visible exter-

nally. Opercle, interopercle, and preopercle

with minute odontodes scattered on surface.

Trunk lateral line usually restricted to

three latero-sensory canals; posteriormost

canal encased in fourth dorsolateral plate,

anterior canals restricted to small ossicles.

One small specimen (MZUSP 73264, 17.5

mm SL) with six canals. Lateral-line canal

entering neurocranium through pterotic-su-

pracleithrum, splitting into two branches

before entering sphenotic: pterotic and

preoperculomandibular, each with single

pore. Sensory canal continuing through

pterotic-supracleithrum, entering sphenotic

as temporal canal, which splits into two

branches. One branch giving rise to infra-

orbital canal, and other branch entering

frontal through supraorbital canal. Supra-

orbital canal with two branches: epiphyseal,

opening near anterior fontanel; and anterior,

running through nasal bone. Nasal canal

with two openings: posterior, where supra-

orbital canal enters nasal; and anterior

opening on tip of bone. Infraorbital canal

running through entire second infraorbital,

entering infraorbital 1, opening in two
pores. Preoperculomandibular branch giv-

ing rise to preoperculomandibular canal,

which runs through entire preopercle with

three openings, corresponding to pores 3, 4,

and 5, respectively.

Two series of vertically elongate lateral

plates covering body. Anterior dorsolateral

plates not reaching dorsal midline, leaving

naked predorsal area. Nuchal plate small,

visible externally. One to five unpaired mi-

nute mid-dorsal platelets anterior to adipose

fin. Seven to nine small lateral plates along

caudal-fin base. All plates with minute

odontodes restricted to their posterior bor-

ders. Coracoids covered by skin ventrally.

Cleithrum visible externally, with minute

odontodes scattered on surface. Dorsolat-

eral body plates 25 (2), 26 (15), or 27* (23);

ventrolateral body plates 24* (21), 25 (18)

or 26 (1); dorsolateral plates along dorsal-

fin base 4 (10), 5* (29), or 6 (1); dorsolat-

eral plates from adipose fin to caudal-fin

base 8 (7), 9* (31), or 10 (2). Precaudal

vertebrae 8; caudal vertebrae 17; total free

vertebrae 25; five pairs of ribs, first rib con-

spicuously more developed than others.

Dorsal fin roughly triangular, originating

just posterior to fourth dorsolateral body

plate. Dorsal spine slender, shorter than first

four dorsal-fin rays, posterior margin

smooth. Dorsal-fin rays 1,7 (17) or 8* (20).

Adipose fin roughly triangular; its origin

separated from base of last dorsal-fin ray by

nine plates. Small curved adipose-fin spine,

usually present (absent in one specimen).

Anal fin roughly ellipsoid, origin just pos-

terior to 14th ventrolateral body plate.

Anal-fin rays ii,5* (33) or 6 (7). Pectoral

fin roughly ovoid, originating just posterior

to gill opening. First pectoral-fin element

not differentiated into spine in most speci-

mens; its segments not co-ossified. Some
specimens with remnant co-ossification

among proximal segments of first pectoral

ray. Pectoral-fin rays i,7 (1), 8 (27), or 9*

(12). Pelvic fin roughly ellipsoid, originat-

ing just below fourth ventral body plate, at

vertical through base of second branched

ray of dorsal fin. Pelvic-fin rays i,5. One
specimen lacking pelvic fins. Caudal fin

moderately forked, lobes bluntly pointed

and equal in size. Principal caudal-fin rays

i,6/6,i; two specimens with i,6/10,i and 1,4/

5,i, respectively. Upper and lower procur-
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rent caudal-fin rays iv-v/v-vi. All fins with

minute odontodes scattered on all rays.

Color in alcohol.—Ground color dull

white to tan. Dark stripe on snout running

from corner of maxillary barbels to eye.

Scattered dark chromatophores on dorsal

surface of snout, more concentrated along

mesial margin of nares. Maxillary barbels

tan. Dorsal surface of head with heavy con-

centration of dark chromatophores. Thin

patch of dark chromatophores lying below

ventral margin of eye. Dark chromato-

phores forming roughly comma-shaped
patch on opercle. Dorsal dark stripe, more

conspicuous anteriorly, running from pos-

terior margin of eye, through upper portion

of dorsolateral body plates to dorsal portion

of caudal peduncle. Dorsal dark stripe con-

fluent, at adipose-fin base, with dorsal stripe

of opposite side; dark chromatophores more
concentrated on origin and terminus of dor-

sal fin, and on origin of adipose fin, forming

dark saddle marks. Dark chromatophores

scattered on naked predorsal area. Ground
color on dorsal surface of snout and body

grayish- to reddish-brown. Ground color of

lateral surface of head and body light.

Wide, straight dark mid-lateral stripe ex-

tending from cleithrum to caudal-fin base

platelets. Stripe faint from cleithrum to ver-

tical through dorsal-fin origin, becoming

wider on caudal peduncle. Most specimens

with deep-lying, reddish-brown pigmenta-

tion along entire length of stripe. Narrow,

straight dark stripe running from pelvic-fin

origin to terminus of anal-fin base. Ventral

surface of head and trunk dull white, almost

devoid of dark chromatophores. Dorsal fin

with dark chromatophores on proximal por-

tions of rays. Diffuse reddish-brown pig-

mentation present on dorsal-fin rays in most

specimens. Dark chromatophores on tip of

adipose-fin spine. Reddish-brown pigmen-

tation on adipose fin. Caudal fin with scat-

tered dark chromatophores on rays. Patches

of reddish-brown pigmentation on most of

caudal fin. Roundish area devoid of pig-

ment on base of upper caudal-fin lobe.

Some specimens with dark chromatophores

on proximal portions of anal-fin rays. Red-

dish-brown pigmentation mostly on median

portion of anal-fin rays. Sparse, scattered

dark chromatophores on pectoral- and pel-

vic-fin rays. Faint reddish-brown color on

pectoral- and pelvic-fin rays; interradial

membranes hyaline.

Color in life.—Based on transparencies

from one specimen (MZUSP 73247, 27.9

mm SL). Ground color grayish. Reddish-

brown pigmentation on dorsal surface of

head and caudal-fin base. Stripes grayish-

brown. Bright gold on sides of head and

anterior portion of trunk. Two approximate-

ly symmetrical light roundish blotches pre-

sent on upper and lower caudal-fin base.

Sexual dimorphism.—Genital papilla is

sexually dimorphic in Corydoradinae

(Nijssen & Isbrucker 1980:135; Britto

1997). As in the remaining members of

Corydoradinae, males of Aspidoras velites

possess a lanceolate genital papilla. Exam-
ination of all specimens of the new species

revealed that the sex ratio is nearly 1:1.

Habitat and ecological notes.—The new
species was collected in medium-sized
streams, relatively shallow (0.5 to 1.2 m
deep), with sandy banks, densely covered

by aquatic macrophytes, alternating with

deep pools (2.0-5.0 m deep), with sand or

pebbles substrate. Water transparency was

high, and current speed was moderate in all

streams. Aspidoras velites always was col-

lected associated with submerged vegeta-

tion. Apparently, the fish were not resting

on the streambed, because the plants were

closely packed, leaving on part of the bed

exposed. One fish was seen resting on and

seeking shelter in the aquatic plants. All

specimens were collected by dip-netting.

Usually two or three specimens were col-

lected in the same or subsequent attempts

at the same spot, which strongly suggests

that the species is gregarious. Aspidoras ve-

lites was collected sympatrically with an-

other, unidentified Aspidoras, which was

also collected in the banks of submerged

aquatic macrophytes. Unlike the new spe-

cies, however, the unidentified Aspidoras
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apparently preferred exposed sandy or mud-

dy bottoms, and inhabited several small

shallow streams lacking aquatic macro-

phytes.

Distribution.—Known only from small

tributaries of the upper Rio Araguaia (rio

Tocantins drainage): ribeirao do Sapo, cor-

rego Gordura, and its affluent, corrego

Boiadeiro, Estado do Mato Grosso, Brazil

(Fig. 5).

Etymology.—From the Latin velites, plu-

ral of veles, light-armed troops of the Ro-

man army which usually opened the fight-

ing hurling javelins, retreating among the

ranks of the heavy infantry as the struggle

advanced. In allusion to the relatively del-

icate complexion of the fish. A noun in ap-

position.

Discussion

Among Aspidoras species there is a rel-

atively small degree of morphological and

color variation, with most species having a

relatively bulky body and marbled color

pattern. Exceptions are Aspidoras virgula-

tus, which has three dark longitudinal

stripes (Nijssen & Isbriicker 1980: fig. 1),

and A. pauciradiatus, which has some pae-

domorphic features (Weitzman & Balph

1979). Aspidoras velites is also a very dis-

tinct, aberrant species, with an elongate

body, several reductive features, and a re-

markable color pattern similar to that of A.

virgulatus. However, placement of the new
species in Aspidoras is not questioned be-

cause it shares the exclusive characters of

the genus, i.e., small supraoccipital and

frontal fontanels, and short supraoccipital

posterior process (Nijssen & Isbriicker

1976, Reis 1998).

Among the reductive features of Aspi-

doras velites, one of the most obvious is the

naked predorsal area (Fig. 3). In other

members of the Callichthyidae, the dorso-

lateral body plates meet each other at the

dorsal midline between the supraoccipital

and nuchal plate (e.g., Lima & Britto 2001:

fig. 2). In juvenile callichthyids, the entire

mid-dorsal area is naked, with the lateral

body plates apparently originating in the

midlateral body region, subsequently de-

veloping towards the dorsal and ventral ar-

eas.

The reduced and narrow posterior pro-

cess of supraoccipital is also a unique, re-

ductive character of the new species.

Among corydoradine catfishes, the supra-

occipital process is typically wide, and its

length varies from touching the nuchal

plate, as in Corydoras and Brochis, to sep-

arated from the nuchal plate by two to four

dorsolateral body plates, as in Aspidoras.

However, in Aspidoras, the length of the

supraoccipital process is never less than

three-fourths of its distance from the nuchal

plate. In Aspidoras velites, the length of the

supraoccipital posterior process is less than

half its distance from the nuchal plate.

In Aspidoras velites, the first pectoral-

and dorsal-fin rays are weakly ossified. The

first pectoral- and dorsal-fin rays in Cory-

doradinae, as in other catfishes, have co-

ossified segments forming strong spines

(Reed 1924). In Aspidoras, the segments of

the first pectoral-fin ray are co-ossified only

in its proximal half, remaining separated

distally. In Aspidoras velites, the segments

of the first pectoral-fin ray do not co-ossify

into a pectoral spine. Although the seg-

ments of the first dorsal-fin ray are co-os-

sified, this spine is not strong as in other

corydoradine catfishes, remaining weak and

slender.

Other reductive characters present in As-

pidoras velites are the poorly ossified hy-

pobranchial 2, and the reduced infraorbital

flanges. Poorly ossified hypobranchials also

are observed, among loricarioids, in tricho-

mycterids, nematogenyids, and callichthyi-

nes (de Pinna 1992: fig. 6). Among cory-

doradines, a poorly ossified second hypob-

ranchial is observed in two small-sized spe-

cies, Corydoras hastatus and C. pygmeus.

The infraorbital bones in corydoradine cat-

fishes typically have well-developed flanges

(Reis 1998: fig. 12), except for C. hastatus

and C. pygmeus, which have reduced flang-
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Fig. 5. Map of upper Rio Araguaia basin and adjoining river basins, shiowing tiie distribution of Asplcionis

velites (dots). 1—corrego Boiadeiro (type locality); 2—corrego Gordura; 3—ribeirao do Sapo.
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es. Since these two characters are present

in small-sized species, as well as juvenile

specimens, we suggest that they represent

paedomorphic features.

Additionally, Aspidoras velites has sev-

eral minute vermiculate platelets with few

odontodes on the ventral surface of the

body between the isthmus and the pelvic

region (Fig. 4). Some members of Cory-

doras also have numerous platelets in this

region (Fraser-Brunner 1947: fig. 3). How-
ever, in these Corydoras the platelets are

roughly quadrangular and closely packed,

with no naked areas between them.

As noted above, Aspidoras velites pre-

sents several features that can be considered

paedomorphic. Weitzman & Vari (1988)

listed seven species of corydoradine catfish-

es as miniature (i.e., not exceeding 26 mm
SL). Schaefer et al. (1989:205-206) asso-

ciated the reduction in adult body size in

three of these miniature corydoradines, As-

pidoras pauciradiatus, Corydoras pyg-
maeus, and C hastatus, with a decreased

number of pectoral- and dorsal-fin rays, and

lateral body plates. Aspidoras velites reach-

es a maximum standard length (27.9 mm)
greater than the limit (26 mm SL) estab-

lished by Weitzman & Vari (1988) for min-

iature fishes. The new species also does not

share with Aspidoras pauciradiatus, Cory-

doras pygmaeus, and C hastatus, the re-

duction in the number of pectoral- and dor-

sal-fin rays, and lateral body plates. How-
ever, Aspidoras velites possesses, as dis-

cussed above, several other features

indicating that the new species is likely to

be a paedomorphic catfish.

Aspidoras velites bears a remarkable

overall resemblance to hypoptopomatine

catfishes, particularly species of Otocinclus.

Sands (1985:36-37) noticed a close resem-

blance in color pattern between two Cory-

doras!Otocinclus species-pairs in southeast-

ern Brazil, namely Corydoras paleatus and

Otocinclus flexilis, and Corydoras nattereri

and an unidentified Otocinclus species (ac-

tually O. affinis, pers. obs.). Sands (1985)

suggested that these Otocinclus species

might gain some advantage in this mimicry,

because species of Corydoras have strong

pectoral- and dorsal-fin spines, presumably

used as anti-predatory devices. Aspidoras

velites was not collected sympatrically with

any hypoptomatine catfishes. Interestingly,

however, it occurred in the same microhab-

itat (submerged vegetation) often occupied

by hypoptopomatines.

Comparative material examined.—

A

complete list of comparative material was

given by Lima & Britto (2001). Additional

material includes: Corydoras hastatus

MZUSP 35908, 4 ex., 2 cs; UFRJ 0384, 31

ex., 5 cs; UFRJ 1909, 2 ex.; UFRJ 3654, 6

ex., 1 cs; UFRJ 3655, 5 ex.; UFRJ 3656, 2

ex.; UFRJ 3657, 4 ex.; UFRJ 3658, 3 ex.;

UFRJ 3659, 3 ex.; UFRJ 3660, 3 ex.; UFRJ
3831, 5 ex., 2 cs; C pygmaeus MZUSP
26344, 4 ex.; USNM 218355, 5 ex., 2 cs.
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A new mantis shrimp of the genus Chorisquilla Manning, 1969 from
French Polynesia (Crustacea: Stomatopoda: Protosquillidae)
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Abstract.—Chorisquilla similis, new species, is described from French Pol-

ynesia. It most closely resembles C. quinquelobata (Gordon, 1935) from

Christmas Island, Indian Ocean, but differs chiefly in having the inner proximal

margin of the dactylus of the raptorial claw inflated and bearing a prominent,

anteriorly directed tubercle; a more elongate median boss of the telson; and

the submedian bosses of AS6 separated by a deep fissure instead of a shallow

groove.

Examination of French Polynesian sto-

matopods in the collections of the National

Museum of Natural History, Smithsonian

Institution, Washington, D.C. (USNM) re-

vealed a specimen of an undescribed spe-

cies of Chorisquilla Manning, 1969. This

new species, described below, closely re-

sembles Chorisquilla quinquelobata (Gor-

don, 1935) from Christmas Island, Indian

Ocean.

Abbreviations and terminology follows

Ahyong (2001). Abbreviations include: to-

tal length (TL), carapace length (CL), an-

tennule (Al), antenna (A2), abdominal so-

mite (AS), and thoracic somite (TS).

Protosquillidae Manning, 1980

Chorisquilla Manning, 1969

Chorisquilla similis, new species

Fig. 1

Material examined.—Holotype: female

(TL 20 mm), Society Islands, French Pol-

ynesia, 17°30'45"S, 149°55'34"W, 9.1-12.2

m, RW89-25, rotenone, R. Winterbottom,

11 Dec 1989, USNM 306086.

Diagnosis.—Raptorial claw dactylus

with inner proximal margin convex, inflat-

ed, and with anteriorly directed tubercle;

propodus without movable proximal spine.

AS6 with submedian bosses separated by

deep, narrow fissure. Telson with 2 pairs of

primary teeth; dorsal surface with 5 strong-

ly inflated longitudinal bosses; surface of

all 5 bosses smooth, without setae, tuber-

cles or spines; median boss almost reaching

to anterior extent of posterior median emar-

gination; movable apices of primary sub-

median teeth articulating submarginally;

submedian and intermediate denticles ab-

sent.

Description.—Eye with cornea broad-

ened, not extending beyond Al peduncle

segment 2. Ocular scales well developed,

triangular. Length of Al peduncle 0.57 CL.

Length of A2 scale 0.48 CL; dorsal projec-

tion on A2 protopod with acute apex.

Rostral plate with median spine extend-

ing anteriorly to base of cornea; basal por-

tion longer than basal width of median

spine; lateral spines divergent, straight.

Carapace with anterior margin of each

lateral plate concave.

Mandibular palp 2-segmented. Maxilli-

peds 1-5 with epipod.

Raptorial claw dactylus without basal

notch, outer proximal margin strongly in-

flated; inner proximal margin of dactylus

convex, inflated and with anteriorly direct-

ed mesial tubercle; propodus without prox-

imal movable spine.

AS 1-4 smooth medially, with faint lat-
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Fig. 1 . Chorisquilla similis, new species, holotype, female TL 20 mm, USNM 306086. A, anterior cephalon;

B, eye, right dorsal; C, antennal protopod, right lateral; D, raptorial claw, right lateral; E, dactylus of raptorial

claw, right mesial; F, TS6-8, lower right lateral; G, AS5-6, telson and right uropod; H, AS5-6, telson, right

lateral; I, uropod, right ventral; J, telson, ventral. Scale = 1 mm.

eral corrugation above low marginal carina.

ASS smooth medially; corrugated laterally

above marginal carina; posterior margin un-

armed; with blunt posterolateral projection.

AS6 with submedian, intermediate, and lat-

eral bosses fused anteriorly and posteriorly,

each smooth, unarmed, demarcated by

deep, narrow fissures; posterior margin

strongly concave, unarmed.

Telson broader than long; with 2 pairs of
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well-defined primary teeth; without sub-

median or intermediate denticles; dorsal

surface with strongly inflated median, sub-

median, and lateral bosses smooth, unarmed

and separated dorsally by deep grooves;

median boss elongate, posteriorly reaching

almost to anterior extent of posterior me-

dian emargination; lateral bosses elongate,

shorter than submedian bosses; submedian

bosses extending posteriorly beyond ante-

rior extent of median emargination; mov-
able apices of primary submedian teeth ar-

ticulating submarginally; lateral margins

unarmed; ventral surface smooth.

Uropodal protopod terminating in 2 flat-

tened spines, outer longer; protopod un-

armed dorsally excepting dorsal spine

above proximal exopod articulation. Uro-

podal exopod proximal segment with 9 or

10 graded movable spines on outer margin,

and fixed distal ventral spine; endopod with

low dorsal carina, length 2.83 breadth.

Color in alcohol.—Completely faded.

Etymology.—From the Latin similis, like,

resembling, in reference to the close resem-

blance to C quinquelobata.

Measurements.—TL 20 mm, CL 4.2

mm, Al peduncle 2.4 mm, A2 scale 2.0

mm.
Remarks.—Chorisquilla similis, new

species, closely resembles C. quinquelobata

from Christmas Island, Indian Ocean, and

together differ from all other congeners by

tfae combination of the smooth, strongly in-

flated telson bosses which are separated

dorsally by deep fissures, and the submar-

ginally articulating movable apices of the

primary submedian teeth. The new species

differs from C. quinquelobata in the fol-

lowing features: the inner proximal margin

of the dactylus of the raptorial claw is in-

flated, bearing a distinct mesial tubercle; the

propodus of the raptorial claw lacks a prox-

imal movable spine; the outer basal portion

of the dactylus of the raptorial claw is deep-

er and more strongly inflated; the median

boss of the telson is distinctly more elon-

gate, almost reaching the anterior margin of

the posterior median emargination; the sub-

median bosses of AS6 are separated by a

deep fissure instead of a shallow groove;

and the basal portion of the rostral plate is

distinctly more elongate than the basal

width of the median spine.

Chorisquilla similis and C. quinquelo-

bata, together with C. gyrosa (Odhner,

1923) further differ from all other described

species of the genus by lacking intermedi-

ate and submedian denticles on the telson.

Chorisquilla gyrosa is readily distinguished

from C. similis and C. quinquelobata by the

presence of numerous, longitudinal, close-

ly-set dorsal telson carinae, and in having

the primary intermediate telson teeth sepa-

rated from the primary submedian teeth by

a shallow notch instead of a deep emargi-

nation.

The most unusual feature of C. similis is

the presence of the inflated convex lobe

with the anteriorly directed mesial tubercle

on the inner proximal margin of the dactyli

of the raptorial claws. No other stomatopod

possesses such a feature. In all other pro-

tosquillids, the inner margin of the dactylus

is smooth or finely serrated, but never in-

flated or with a small tooth. The presence

of small teeth on the inner margin of the

dactylus of the smashing claw is diagnostic

for the Odontodactylidae Manning, 1980,

but should not be confused with the con-

dition of the dactylus in C. similis. In odon-

todactylids, the teeth on the inner margin of

the dactylus of the raptorial claw are tri-

angular to spiniform, arise along the mid-

line, and are oblique to the longitudinal

axis, whereas in C. similis, the tooth is

blunt, arises on the mesial margin of the

proximal lobe, and is directed parallel to the

dactylar axis.

Distribution.—Known only from the

type locality. Society Islands, French Pol-

ynesia; depth 9.1-12.2 m.
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The apparent rediscovery of Nematopagurus scutellichelis

Alcock, 1905 (Decapoda: Anomura: Paguroidea: Paguridae) in the

South China Sea, with notes on other regional species of the genus

Patsy A. McLaughlin and Yong-Liang Wang

(PMcL) Shannon Point Marine Center, Western Washington University, 1900 Shannon Point

Road, Anacortes, Washington 98221-9081B, U.SA.;
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Abstract.—The accuracy of records of species of the hermit crab genus Ne-

matopagurus occurring in the South China Sea has been evaluated using col-

lections from the Hainan Island region. Information gleaned from this material

strongly suggests that previous reports have been inaccurate. None of the re-

ported four species, A^. gardineri Alcock, N. indicus Alcock, N. muricatus

(Henderson), and N. squamichelis Alcock have been recognized among the

extensive collections of the Institute of Oceanology, Chinese Academy of Sci-

ences, Qingdao, People's Republic of China. Nevertheless, a total of seven

species of Nematopagurus have been identified, including what appears to be

N. scutellichelis Alcock. If correct, this would be the first record of this species

since its original description. The other six are also known species; however,

most represent new distributional records.

Nematopagurus A. Milne-Edwards &
Bouvier, 1892 is one of several genera of

the hermit crab family Paguridae character-

ized by a sexual tube produced from, or de-

veloped in conjunction with, the male right

gonopore that is usually elongate and often

filiform. Typically, a similar, but very much
shorter tube is produced from the left gon-

opore. Females of this genus also develop

paired and modified first abdominal pleo-

pods. At present, 24 species are assigned to

the genus (McLaughlin 1998), all but one

of which occur in the IndoPacific region. In

a recent summary of the hermit crab fauna

of the South China Sea, Rahayu (2000) list-

ed four species of Nematopagurus. For the

most part, Rahayu's report was a compila-

tion from the existing literature. The occur-

rences of A^. indicus Alcock, 1 905b and A^.

squamichelis Alcock, 1905b, in the South

China Sea had been reported by Wang &
Huang (1979). Nematopagurus gardineri

Alcock, 1905a and A^. muricatus (Hender-

son, 1896) were added to the Chinese fau-

nal fist by Wang (1983). Rahayu (1996)

also recorded TV. muricatus from Singapore

and Malaysia. While absent from the South

China Sea, A^. vallatus (Melin, 1939) was

recorded from the East China Sea by Wang
(1992). All five species were included by

Wang (1994) in his list of "Marine Species

and Their Distributions in China's Seas".

Unfortunately none of these species identi-

fications were correct.

Regrettably, Wang's (1994) specimens

have not been available for reexamination.

However, extensive surveys in the Hainan

Island region of the South China Sea were

conducted by Chinese research vessels

(RA'^) during the National Comprehensive

Oceanographic Survey (NCOS) of 1958-

1960, with supplemental sampling in the

East China Sea in 1976, by the Institute of

Oceanology, Chinese Academy of Sciences

(lOCAS). These surveys resulted in the col-

lection of a wealth of hermit crabs that have
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allowed us to evaluate the species of Ne-

matopagurus occurring in Chinese Seas.

We also have reexamined the specimens

from Singapore referred by Rahayu (1996)

to A^. muricatus and deposited in the Raffles

Museum of Biodiversity Research, National

University of Singapore (ZRC); the speci-

men identified by Balss (1912) as N. indi-

cus from the Nicobar Islands in the collec-

tions of the Naturhistorisches Forschung-

sinstitut Museum fiir Naturkunde zu Berlin,

Berlin, Germany (ZMB); and specimens in

the collections of the Institute of Oceanol-

ogy, Chinese Academy of Sciences (lO-

CAS), identified by resident scientists as N.

muricatus and A^. squamichelis.

A species not recognized by previous

Chinese carcinologists, but present in the

Institute of Oceanology collections, is a tax-

on identified by the present authors as Ne-

matopagurus scutellichelis Alcock, 1905b.

This species was described by Alcock

(1905b) from a single male specimen col-

lected in the Indian Ocean between the

Maldives and Cape Comorin at a depth of

1507 m. Any subsequent reports of this spe-

cies have merely been literature citations of

the original record (e.g., Gordan 1956). The

species collected during the Hainan Survey

is from much shallower depths. Nonethe-

less, it agrees, with the exception of seta-

tion, entirely with Alcock's description and

illustration. The policy of the Indian Mu-
seum, Calcutta, to not lend materials, has

precluded personal examination of the ho-

lotype; however, in view of the setal vari-

ation common to species of this genus

(McLaughlin, pers. obs.), we believe that

the specimens redescribed herein as N. scu-

tellichelis are true representatives of Al-

cock's taxon.

In addition to A^. scutellichelis, the Insti-

tute of Oceanology collections contain the

following species of Nematopagurus: N.

australis (Henderson, 1888) = A^. muricatus

sensu Wang (1983) and Rahayu (1996); N.

lepidochirus (Doflein, 1902) = N. squami-

chelis sensu Wang & Huang (1979), Huang
(1989), and Wang (1994); N. tricarimitus

(Stimpson, 1858) = A^. vallatus sensu Wang
(1992, 1994); A^. alcocki McLaughUn, 1997

= ?A^. indicus sensu Wang & Huang (1979),

Wang (1983, 1992, 1994), Huang (1989);

N. meiringae McLaughlin, 1998 = ?A^. gar-

dineri sensu Wang (1983, 1992, 1994),

Huang (1989); and A^. diadema Lewinsohn,

1969, heretofore reported only from the

Red Sea and eastern coast of South Africa.

Although all are known species, only A^. tri-

carinatus has been reported previously

from the South China Sea. A complete re-

description is presented herein for A^. scu-

tellichelis, whereas the other species in the

Institute of Oceanology collections are dis-

cussed only as they pertain to previous mis-

identifications. However, pertinent, albeit

not complete, synonymies are included. De-

scriptions and/or diagnoses of these species

have been presented by McLaughlin (1997,

1998, 2002) and Komai & McLaughlin

(2001).

In the materials examined, one measure-

ment, shield length (si), as measured from

the midpoint of the rostral lobe to the mid-

point of the posterior margin of the shield

provides an indication of specimen size.

The abbreviation Stn. refers to ship stations,

while ovig. refers to the ovigerous condi-

tion of some females. Terminology used in

the description of TV. scutellichelis generally

follows that of McLaughlin (1998). The ra-

tio of corneal diameter to peduncular length

was obtained by comparing maximum cor-

neal width to maximum pedunculai" length

measured on the lateral surface of the pe-

duncle from the distal corneal margin to the

proximal margin of the distal segment of

the peduncle. Inteipretation of the ocular

acicle follows that of Forest et al. (2000),

not that of Boyko & Harvey (1999). Bor-

rowed specimens have been returned to the

lending institutions. The majority of speci-

mens are deposited in the collections of the

Institute of Oceanology, Chinese Academy
of Sciences, Qingdao, People's Republic of

China; however, where adequate numbers

of specimens have allowed, representatives

have also been placed in the collections of
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the National Museum of Natural History,

Smithsonian Institution, Washington, D.C.

(USNM).

Nematopagurus scutellichelis

Alcock, 1905

Fig. 1

Nematopagurus scutellichelis Alcock,

1905b: 112, pi. 12, fig. 3.

Material examined.—S.E. off Hainan Is-

land, South China Sea: RA^2, NCOS Stn

6091, 20°30'N, 112°30'E, 78 m, 7 May
1959, 1 c? si = 4.1 mm, lOCAS K57B;
RA^S, NCOS Stn 6052, 21°30'N, 114°00'E,

48 m, 17 Mar 1959, 1 ovig. 9 si = 3.6 mm,
lOCAS S15BS; R/V21, NCOS Stn 6107,

20°00'N, 112°00:E, 92 m, 4 Apr 1960, 1 6
si = 2.7 mm, lOCAS K147B; R/VlOl,

NCOS Stn 6161, 18°15'N, 110°30'E, 106

m, 7 May 1959, 1 c? si = 4.2 mm, IOCAS
N197B; R/V171 NCOS Stn. 6107,

20°00'N, 112°00'E, 96.5 m, 20 Apr 1959,

1 2 si = 3.2 mm, lOCAS L57B; RA^171,

NCOS Stn 6166, 16°30'N, 110°30'E, 72 m,

20 Apr 1959, 3 c? si = 2.0-3.0 mm, 2 9

si = 3.2, 3.6 mm, 1 ovig. 9 si = 3.0 mm,
lOCAS L568-62; R/V220, NCOS Stn.

6017, 22°00'N, 116°30'E, 88 m, 23 Apr
1959, 1 (? si = 2.2 mm, lOCAS S229B;

R/V220, NCOS Stn 6037, 2r30'N,
1 15°00'E, 90.4 m, 4 Jul 1959, 1 cJ si = 4.8

mm, USNM 1003650; R/V220, NCOS Stn.

6054, 21°00'N, 114°00'E, 80 m, 10 Dec
1959, 2 9 si = 2.0, 2.4 mm, lOCAS
S141B.

Redescription.—Shield (Fig. la) broader

than long; anterolateral margins sloping;

posterior margin roundly truncate, usually

with small median concavity; dorsal surface

with few sparse tufts of short setae laterally

and anteriorly. Rostrum very broadly

rounded, sometimes produced to level of

lateral projections. Lateral projections mod-
erately well developed; each with mesially

or laterally directed, marginal or submar-

ginal spinule.

Ocular peduncles 0.80-1.00 length of

shield; dorsal surfaces each with median

sparse tuft of stiff setae at corneal inden-

tation, dorsal and/or dorsomesial surface(s)

with sparse tuft(s) of setae; corneal diame-

ter 0.55-0.70 of peduncular length. Projec-

tion of ocular acicles small, subrectangular;

terminating subacutely, with deeply con-

cave dorsal surface and well developed sub-

marginal spine.

Antennular peduncles exceeding distal

margins of corneas by 0.30-0.50 length of

ultimate segments. Ultimate segment with

sparse tuft of setae at dorsolateral distal

margin, few additional sparse tufts on dor-

sal or dorsolateral surfaces; penultimate

segment with few scattered setae. Basal

segment with acute spine on distal margin

of statocyst lobe.

Antennal peduncles overreaching distal

margins of corneas by 0.10-0.20 length of

fifth segments. Fifth and fourth segments

each with few to several tufts of simple se-

tae. Third segment unarmed, but with tuft

of long, stiff setae at ventrodistal angle.

Second segment with dorsolateral distal an-

gle prominently produced, terminating in

acute spine, lateral and mesial margins with

few stiff setae; dorsomesial distal angle

with small spine. First segment unarmed.

Antennal acicle moderately long, reaching

beyond proximal half of ultimate pedun-

cular segment; arcuate, terminating in acute

spine; mesial margin with tufts of long stiff

setae. Antennal flagella long, overreaching

tip of right cheliped; most articles each with

1 or 2 extremely short setae or bristles, at

least proximally.

Chelipeds subequal; right (Fig. lb)

slightly, if at all, longer, but stouter than

left, both moderately elongate. Dactyl of

right cheliped appreciably shorter to nearly

equaling length of palm; cutting edge with

several, sometimes fused, calcareous teeth

and short row of corneous teeth in distal

0.20-0.25, terminating in small corneous

claw and slightly overlapped by fixed fin-

ger; dorsal surface with longitudinal row of

scutes, extending onto rounded dorsomesial

margin, each with marginal row of short

stiff setae, few tufts of short setae near tip
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Fig. \. Nematopaguriis scutellichelis Alcock, 1905, cJ si = 4.8 mm, R/V220, NCOS Stn. 6037. USNM
1003650: a, shield and cephalic appendages; b, carpus and chela of right cheliped (dorsal view); c, right second

pereopod (lateral view); d, left third dactyl (mesial view); e, sternite and coxae of fifth pereopods (ventral view);

f, telson. Scales equal 1.0 mm.

and adjacent to cutting edge; mesial face

ventrally and ventral surface with tufts of

long setae. Palm 0.80 to nearly as long as

carpus; dorsomesial margin not delimited;

dorsal surface with 6-8 rows of partially to

nearly complete transverse scutes continued

onto lateral, mesial, and ventral surfaces.

each with marginal row of short stiff setae;

dorsal surface of fixed finger with moderate

to short transverse rows of scutes extending

nearly to tip and provided with marginal

short stiff setae, few sparse tufts of setae

near tip; cutting edge with row of calcare-

ous teeth, terminating in tiny corneous
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claw; scutes of mesial and ventral surfaces

of palm accompanied by longer setae, often

particularly dense on mesial face of palm.

Carpus slightly longer than merus; dorso-

distal margin with row of uniformly short

stiff setae; dorsal surface with complete or

incomplete transverse scutes extending onto

lateral and mesial faces and provided mar-

ginally with short stiff setae, most scutes

interrupted at dorsomesial margin by mod-
erately small to prominent spine; dorsolat-

eral margin not delimited; ventral surface

with transverse rows of long setae. Merus

subtriangular; dorsal margin, mesial and

lateral faces all with transverse ridges and

long stiff setae; ventrolateral margin with 2

spines in distal 0.50; ventromesial margin

with 1 spine distally, ventral surface with

few low ridges and tufts of setae. Ischium

with small acute or blunt spine at ventro-

lateral angle.

Left cheliped usually reaching nearly to

tip of dactyl of right; moderately slender.

Dactyl usually slightly longer than palm;

cutting edge with row of small corneous

teeth, terminating in small corneous claw

and slightly overlapped by fixed finger; dor-

somesial margin rounded, dorsal surface

with few sparse tufts of short setae adjacent

to cutting edge, 1 longitudinal row of mar-

ginally setiferous scutes, each extending

onto mesial face; ventral surface with few

tufts of setae. Palm approximately 0.75

length of carpus; dorsomesial margin
rounded; dorsal surface, like that of right,

with 6-8 transverse rows of complete or in-

complete scutes, each extending onto lateral

and mesial faces and provided with margin-

al row of short stiff setae, most proximal

scute sometimes with small subacute spine

at dorsomesial margin; dorsal surface of

fixed finger with several short transverse

scutes, each with marginal fringe of short

stiff setae; cutting edge with row of small

calcareous teeth interspersed with corneous

teeth. Carpus approximately 1.10-1.30 lon-

ger than merus; dorsodistal margin with

uniform row of short stiff setae, dorsome-

sial margin with row of prominent spines.

dorsolateral margin not delimited; dorsal

surface with several complete or more fre-

quently interrupted, marginally setiferous

scutes extending onto lateral and mesial

faces; ventral surface with tufts of setae, 1

small spine at ventrolateral distal angle.

Merus subtriangular; dorsal surface with

transverse ridges and stiff setae, distal mar-

gin with row of moderately long stiff setae;

lateral and mesial faces with tufts of stiff

setae; ventral surface with few ridges and

tufts of setae; ventromesial margin with 1

acute spine usually and 2 or 3 low protu-

berances; ventrolateral margin with 1 or 2

spines distally. Ischium with acute or blunt

spine at ventrolateral angle.

Ambulatory legs (Fig. Ic, d) overreach-

ing tip of right cheliped by at least 0.50

length of dactyl. Dactyls approximately

twice length of propodi; in lateral view

straight or slightly (second) to distinctly

(third) curved ventrally; in dorsal view,

slightly twisted; each terminating in mod-
erate to strong corneous claw; dorsal sur-

faces each with row of moderately long stiff

setae; mesial faces each with row of cor-

neous spinules dorsally and row of 9-15

corneous spines at ventromesial margin (not

visible in lateral view). Propodi approxi-

mately 0.35 longer than carpi; dorsal sur-

faces presenting "polished" appearance,

each circumscribed by 6 or 7 weakly pili-

ferous scutes. Carpi 0.45-0.55 length of

meri; dorsal surface of second pereopods

each with row of spines accompanied by

tufts of short stiff setae; third pereopods

each with similar tufts of stiff setae as well

as dorsodistal spine and at least 1 additional

spine in proximal half; lateral faces each

with 1 or 2 short, oblique rows of stiff se-

tae, ventral and mesial surfaces glabrous or

with few tiny tufts of very short setae. Meri

laterally compressed; dorsal surfaces each

with row of transverse ridges and stiff se-

tae; lateral faces each with 1 or 2 sparse

longitudinal rows of short setae; mesial fac-

es glabrous or with very few sparse tufts of

short setae; ventrolateral margins of second

pereopods each with small, acute spine at
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distal angle and 3-5 additional spines mar-

ginally, accompanied by sparse tufts of se-

tae; third only with tufts of setae. Ischia

each with few setae dorsally and ventrally.

Anterior lobe of sternite of third pereopods

roundly subquadrate, with long setae on an-

terior margin.

Males with well developed, elongate, ter-

minally spiraled sexual tube on coxa of

right fifth pereopod, left with sexual tube

developed as short to moderate tube, vary-

ing from approximately equal to nearly

twice coxal length (Fig. le). Telson (Fig.

If) with posterior lobes asymmetrical,

roundly or subacutely triangular; separated

by moderate to deep median cleft; terminal

margins oblique, each with 3-6 acute

spines; lateral margins oblique, each with

row of smaller acute or subacute spines.

Color.—Not known.

Habitat.—Sand and mud substrates in

South China Sea.

Distribution.—Eastern Indian Ocean,

1507 m; South China Sea, 48-106 m.

Remarks.—As indicated previously, the

several specimens collected in the South

China Sea agree entirely with Alcock's

(1905b) description of N. scutellichelis, ex-

cept for setation. The scutes on the propodi

of the ambulatory legs of Alcock's speci-

men reportedly were "nude and polished";

the dactyls were "perfectly nude". The
scutes on these appendages in our speci-

mens all are provided with short, stiff setae;

each dactyl has a row of long stiff setae on

the dorsal margin. The chelae and other ap-

pendages also are provided with additional

setae apparently absent from Alcock's spec-

imen. However, setal variation in Nemato-
pagurus species is subject to great variation

(McLaughlin, pers. obs.). Alcock (1905b)

also indicated and illustrated ambulatory

dactyls that lacked any spinulation on the

ventral margins. Although a ventral row of

short corneous spines is present on each

dactyl in all of our specimens, the twisting

of the dactyls is such that these spines occur

on the ventromesial surface and are not vis-

ible in lateral view. It is probable that Al-

cock simply did not notice these spines,

which are present in all species of the ge-

nus.

Differences in the depths at which the

South China Sea specimens and Alcock's

(1905b) were collected, 48-106 m and

1507 m respectively, are appreciable. How-
ever, depth collection extremes also are not-

ed for N. longicornis A. Milne-Edwards &
Bouvier, 1892. A. Milne-Edwards & Bou-

vier (1892) cited the depth distribution for

A^. longicornis as 75—800 m; however, sta-

tion data for "Talisman" sample no. 28,

one of the stations at which N. longicornis

reportedly was collected, listed a depth of

2600 m (A. Milne-Edwards & Bouvier

1900). Considering the morphological

agreement between Alcock's (1905b) de-

scription and our South China Sea speci-

mens, we feel confident that the latter truly

represent Alcock's taxon, the broad geo-

graphic separation not withstanding. Ne-

matopagurus diadema, heretofore known
only from the Red Sea and eastern South

Africa now also has been found in the

South China Sea.

Nematopagurus alcocki McLaughlin, 1997

INematopagurus indicus—Wang & Huang,

1979:63, fig. 3.—Wang, 1983:54 (Ust);

1992:61 (list); 1994:571 (fist).—Huang,

1989:253, fig. 214 (not Nematopagurus

indicus Alcock, 1905b).

Nematopagurus alcocki McLaughlin, 1997:

517, fig. 23a-i.

Material examined.—R/V21, NCOS Stn.

6093, 19°30'N, 112°30'E, 219 m, 17 Feb

1959, 3 cJ si = 1.8-3.3 mm, 2 ? si = 2.7,

2.8 mm, lOCAS 6-21; IWlOl, NCOS Stn.

6123, 18°30'N, lir30'E, 220 m, 8 Feb

1960, 1 c? si = 2.3 mm, lOCAS N115B.

Remarks.—One of the two lots of N. al-

cocki previously had been identified as N.

muricatus by resident scientists at the Insti-

tute of Oceanology, although all of the oth-

er samples similarly identified as Hender-

son's (1896) taxon aie referable to N. aus-

tralis. Tiirkay (1986) pointed out the very
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distinctive armature of the chelae of TV.

muricatus when he described Nematopa-

gurus lewinsohni Tiirkay, the species Lew-

insohn (1969) had misidentified as A', mur-

icatus. Nonetheless, species in the South

China Sea with spinulose palms similarly

continued to be identified as A^. muricatus

(e.g., Wang 1994; Rahayu 1996, 2000). Ne-

matopagurus australis, another regional

species, and N. alcocki are morphologically

quite similar, although the dorsal surfaces

of the chelae of N. australis are usually

somewhat more spinose than those of A^.

alcocki. However, spination, like setation, is

subject to considerable variation. The most

reliable character for separating the two

taxa is the dorsomesial margin of the dactyl

of each cheliped. This margin bears a row

of spines in A^. australis, but is unarmed in

N. alcocki.

Another of Alcock's (1905b) species that

is poorly known is A^. indicus. Until ques-

tionably identified from Indonesia by

McLaughlin (1997), A^. indicus had only

been reported correctly from the Indian

Ocean. Having reexamined Balss's (1912)

ovigerous female specimen of A^. indicus

from the Nicobar Islands (ZMB 16475) we
have concluded that TV. alcocki also bears

considerable similarity to TV. indicus. No
specimens referable to Alcock's (1905b)

taxon were found in the collections of the

Institute of Oceanology, thus it is probable

that Wang & Huang's (1979), Wang's
(1983, 1992, 1994), and Huang's (1989) re-

ports of TV. indicus should be referred to TV.

alcocki. The reports by Miyake (1961) and

Miyake et al. (1962) of TV. indicus were cor-

rected by Miyake (1978) to TV. vallatus.

However, McLaughlin & Sandberg (1995)

showed that Miyake's (1978, 1982) and Mi-

yake & Imafuku's (1980) specimens actu-

ally were conspecific with the species

McLaughlin (1992) attributed to TV. tricar-

inatus (as Ceratopagurus). Therefore, while

TV. vallatus does occur in the Japanese Bo-

nin Islands, the species occurring in the

South China Sea and southern Japan is TV.

tricarinatus.

Nematopagurus australis

(Henderson, 1888)

Catapagurus australis Henderson, 1888:76,

pi. 8, fig. 1.

Nematopagurus gardineri—Haig & Ball,

1988:185 (not Nematopagurus gardineri

Alcock, 1905a).

Nematopagurus muricatus—Wang, 1983:

54 (list).—Rahayu, 1996:350 [not TV^-

matopagurus muricatus (Henderson,

1896)].

Nematopagurus australis—McLaughlin,

1997:505.

Material examined.—RA^K, NCOS Stn.

6106, 20°30'N, 112°00'E, 71 m, 3 Jul 1959,

1 9 si = 1.4 mm, lOCAS K50B; RA^S,

NCOS Stn. 6030, 21°30'N, 115°30'E, 115

m, 14 Jul 1959, 1 d si = 1.8 mm, 1 ovig.

9 si = 2.9 mm, IOCAS SIII19B; R/VS,

NCOS Stn. 6038, 21°00'N, 115°00'E, 100

m, 4 Apr 1959, 1 c? si = 2.1 mm, lOCAS
SIII18B; RA^S, NCOS Stn. 6038, 21°00'N,

115°00'E, 103 m, 14 Jul 1959, 1 c? si =

2.1 mm, 1 9 si = 2.2 mm, lOCAS S67B-9,

10; R/VS, NCOS Stn. 6048, 21°00'N,

114°30'E, 85 m, 10 Jul 1959, 1 cj si = 2.0

mm, 1 9 si = 1.8 mm, IOCAS SIII8B;

RA^S Stn, 6093, 19°30'N, 1 12°30'E, 219 m,

6 Apr 1960, 1 c? si = 2.7 mm, 1 ovig. 9

si = 3.3 mm, lOCAS K151B-15; RA^21,

NCOS Stn. 6093, 19°30'N, 112°30'E, 219

m, 17 Feb 1959, 2 cJ si = 3.0, 3.1 mm,
lOCAS 6-21; RA^lOl, NCOS Stn. 6141,

19°15'N, 111°00'E, 80 m, 10 Feb 1960, 1

c? si = 1.8 mm, lOCAS N120R-32;
R/VlOl, NCOS Stn. 6175, 17°45'N,

110°00'E, 105 m, 10 Mar 1960, 1 9 si =

2.4 mm, lOCAS N114B-54; R/VlOl,

NCOS Stn. 6181, 18°10'N, 109°45'E, 65 m,

12 May 1960, 1 9 si = 2.4 mm, IOCAS
N200B-63; R/VlOl, NCOS Stn. 6186,

18°00'N, 109°30'E, 74 m, 11 Mar 1959, 1

9 si = 2.7 mm, lOCAS N148B-43;
R/VlOl, NCOS Stn. 6210, 18°15'N,

108°24'E, 38 m, 7 Mar 1959, 2 9 si = 2.0,

2.6 mm, lOCAS N158B-6; RA^131, NCOS
Stn. 6141, 19°15'N, 111°00'E, 79 m, 13 Jul

1959, 1 (? si = 3.8 mm, lOCAS N120B-
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32; R/V131, NCOS Stn. 6215, 20°30'N,

108°30'E, 50 m, 19 Apr, 1959, 1 c? si =

3.3 mm, lOCAS N428-22; RA^lVl, NCOS
Stn. 6141, 19°15'N, 1 1 1°00'E, 78 m, 22 Jan

1959, 1 ovig. 9 si = 2.4 mm, lOCAS 15-

36; R/V171, NCOS Stn. 6144, 18°30'N,

lirOO'E, 140 m, 27 Jan 1959, 1 c? si =

3.0 mm, 1 9 si = 3.2 mm, USNM
1003651; R/V171, NCOS Stn. 6166,

16°30'N, 110°30'E, 72 m, 20 Apr 1959, 1

6 si = 3.2 mm, lOCAS L568-62; RA^220,

NCOS Stn. 6030, 2r30'N, 115°30'E, 115

m, 13 Apr 1959, 1 cJ si = 2.0 mm, 1 9 si

= 2.0 mm, IOCAS 219B; R/V220, NCOS
Stn. 6052, 21°30'N, 114°00'E, 48 m, 17

Mar 1952, 1 specimen, poor condition, lO-

CAS 15-49; R/V220, NCOS Stn. 6054,

21°00'N, 114°00'E, 80 m, 10 Dec 1959, 1

9 si = 2.1 mm, lOCAS, S199B-26;

R/V220, NCOS Stn. 6054, 21°00'N,

114°00'E, 79 m, 11 Jan 1960, 1 d si = 2.6

mm, lOCAS S242B; RA^228, NCOS Stn.

6227, 17°30'N, 108°30'E, 97 m, 7 Nov
1959, 1 9 si = 2.4 mm, lOCAS Q75B-59;

R/V307, NCOS Stn. 6168, 18°30'N,

110°15'E, 46 m, 4 Apr 1959, 1 ovig. 9 si

= 2.9 mm, lOCAS Q25-10; R/V307,
NCOS Stn. 6173, 18°15'N, 110°00'E. 85 m,

29 Jan 1959, 1 c? si = 3.5 mm, lOCAS 13-

32; RA^307, NCOS Stn. 6242, 18°30'N,

108°00'E, 72 m, 17 Sep 1959, 1 ovig. 9 si

= 2.3 mm, lOCAS Q18B-8; R/V307,
NCOS Stn. 6243, 18°00'N, 108°00'E, 86 m,

16 Apr 1959, 1 9 si = 2.7 mm, IOCAS
Q56B-7; R/V394, NCOS Stn. 6154,

19°15'N, 110°45'E, 38 m, 10 Jul 1959, 1 6

si = 3.0 mm, lOCAS R26B; RA^394,

NCOS Stn. 6219, 19°30'N, 108°30'E, 52 m,

25 Jan 1959, 1 ovig. 9 si = 3.9 mm, lO-

CAS 30-8; RA^394, NCOS Stn. 6226,

17°45'N, 108°30'E, 79 m, 28 Jan 1959, 1

c? si = 4.7 mm, lOCAS 16-8.

Remarks.—Henderson's (1888) N. oiis-

tralis initially was described as Catapagu-

rus australis, but was transferred to Ne-

matopagurus by McLaughlin (1997) after

an examination of the two syntypes and, at

that time, the only known specimens. Al-

though the type localities of the Arafura Sea

and Fiji suggest a potentially broad distri-

bution for this species, the only other ten-

tative report is that of McLaughlin (2002)

for a specimen collected in the Andaman
Sea. Nematopagurus australis has proven

to be the most abundant species of the ge-

nus in the Institute of Oceanology collec-

tions. As indicated above, it most frequent-

ly was misidentified as A'', muricatus by res-

ident scientists. Henderson's (1896) A^. mur-

icatus was also initially described in

Catapagurus, but was transferred to Ne-

matopagurus by Alcock (1905a). Although

A^. muricatus was accurately diagnosed by

Alcock (1905a, 1905b), it has repeatedly

been misinterpreted (e.g., Laurie 1926,

Thompson 1943, Lewinsohn 1969, Miyake

1978, Wang 1983; Rahayu 1996, 2000).

Nematopagurus muricatus is distinguished

from all other species in the genus by the

very stout, blunt, tubular spines on the dor-

sal surfaces of the chelae (cf. Tiirkay 1986,

fig. 9). No specimens actually identifiable

as A^. muricatus have been found in the

South China Sea.

Nematopagurus australis is most closely

allied to A^. meiringae, a species described

from the eastern coast of South Africa

(McLaughlin 1998), but during the present

study found in both the South and East Chi-

na Seas. No single diagnostic character will

readily separate the two taxa and intraspe-

cific variations sometimes make differenti-

ation difficult. Nematopagurus australis

most commonly has only a very short mat

of setae on the dorsal surfaces of the chelas,

although longer setae frequently are present

marginally; the dactyl of the right chela

lacks much surface setae. In contrast, a usu-

ally dense, moderate to long covering of

simple and plumose setae is present on the

dorsal surfaces of the chelas of N. meirin-

gae, together with long plumose setae mai--

ginally; the dactyl of the right chela is sim-

ilarly provided with a moderate covering of

setae. The corneal diameter of N. australis

varies from 0.33 to 0.48 of the peduncular

length in the present material, whereas this

diameter in N. meiringae varies from 0.46
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to 0.72 of the peduncular length. Thus, gen-

erally speaking, the ocular peduncles are

slightly longer and the corneas slightly less

dilated in A^. australis. The ambulatory dac-

tyls, particularly the third left, is typically

longer, more slender, and more strongly

arched in N. australis than in N. meiringae.

However, unless both species are available

for comparison, the best means of separat-

ing these two taxa is by the density of the

setation of the chelas.

Nematopagurus diadema Lewinsohn, 1969

Nematopagurus diadema Lewinsohn, 1969:

74, fig. 13.—McLaughlin, 1998:325,

fig. 3.

Material examined.—R/V171, NCOS
Stn. 6108, 19°30'N, 112°00'E, 120 m, 26

Apr 1959, 1 ovig. 9 si = 2.0 mm, lOCAS
L58B; RA^171, NCOS Stn. 6120, 20°00'N,

111°30'E, 77 m, 26 Jan 1959, 1 c? si = 2.1

mm, IOCAS 47B.

Remarks.—Nematopagurus diadema was
described from seven males and two ovig-

erous females collected at a depth between

62 and 80 m in the Red Sea (Lewinsohn

1969). One ovigerous female was subse-

quently collected in the Mozambique Chan-

nel off the coast of eastern South Africa at

a depth between 120 and 150 m (Mc-

Laughlin 1998). The two specimens col-

lected in the South China Sea are well with-

in the depth range recorded for the species.

Nematopagurus diadema is such a unique

species in having the chelipeds armed with

ball-like tubercles and platelets (Lewinsohn

1969: fig. 13; McLaughlin 1998: fig. 3C)

that there can be no doubt as to its identity,

despite the very major extension of its

known range.

Nematopagurus lepidochirus

(Doflein, 1902)

Eupagurus lepidochirus Doflein, 1902:623.

Pagurus lepidochirus—Miyake, 1978:81

(key).

Nematopagurus squamichelis—Miyake,

1978:129 (key).—Wang & Huang, 1979:

63.—Miyake & Imafuku, 1980:63.—
Wang, 1983:55 (list); 1992:61 (list);

1994:571 (Hst).—Baba, 1986:201, 303,

unnumbered fig.—Huang, 1989:254, fig.

215.—Komai, 1999:28.—Rahayu, 2000:

394 (not Nematopagurus squamichelis

Alcock, 1905b).

Nematopagurus lepidochirus—Komai &
McLaughlin, 2001:83, figs. 1-4.

Material examined.—R/V2, NCOS Stn.

6094, 19°00'N, 112°30'E, 290 m, 6 Apr
1959, 1 (? si = 3.9 mm, 1 2 si = 6.0 mm,
lOCAS K150B; RA^21, NCOS Stn. 6094,

19°00'N, 112°30'E, 270 m, 7 Feb 1959, 1

9 si = 4.4 mm, lOCAS 7-15; RA^21,

NCOS Stn. 6094, 19°00'N, 112°30'E, 270

m, 19 Apr 1959, 1 c? si = 5.5 mm, IOCAS
K32B-75; R/V171, NCOS Stn. 6109,

19°112'N, 112°00'E, 194 m, 27 Jan 1959,

1 9 si = 3.7 mm, lOCAS L59B; R/V1082,

NCOS Stn. 6080, 19°30'N, 113°00'E, 210

m, 10 Feb 1960, 2 S s\ = 4.3, 5.1 mm, 2

9 si = 3.0, 4.7 mm, lOCAS K135B.
Remarks.—Like others of Alcock's

(1905a, 1905b) species oi Nematopagurus,

N. squamichelis has been misinterpreted by

several authors; however, not all authors

misinterpreted this taxon in the same way.

The species identified in Japanese and Chi-

nese waters as A^. squamichelis (e.g., Mi-

yake 1978, Wang & Huang 1979, Miyake
& Imafuku 1980, Miyake 1982, Wang
1983, Baba 1986, Huang 1989, Wang 1994,

Komai 1999, Rahayu 2000) has been

shown by Komai & McLaughhn (2001) to

actually be N. lepidochirus. Although de-

scribed initially in the genus Pagurus (as

Eupagurus), an examination of the type

material proved conclusively that Doflein 's

(1902) species belonged in Nematopagurus.

It does not appear to be an abundant species

in the South China Sea.

Nematopagurus meiringae

McLaughlin, 1998

Nematopagurus gardineri—Kensley, 1969:

163, fig. 6e—h (not Nematopagurus gar-

dineri Alcock, 1905 a).
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INematopagurus gardineri—Wang, 1983:

54 (list); 1992:61 (list); 1994:571 (list)

(not Nematopagurus gardineri Alcock,

1905a).

Nematopagurus meiringae McLaughlin,

1998:332, fig. 6.

Material examined.—RA^2, NCOS Stn.

6108, 19°30'N, 112°00'E, 124 m, 4 Apr

1960, 1 9 si = 2.6 mm, lOCAS K148B;
R/V171, NCOS Stn. 6108, 19°30'N,

112°00'E, 120 m, 20 Apr 1959, 1 ovig. $

si = 2.6 mm, lOCAS L58B; RA^lTl,

NCOS Stn. 6120, 20°00'N, 1 1 1°30'E, 77 m
26 Jan 1959, 1 c? si = 2.9 mm, IOCAS
K148B; R/VV, Stn. lV-5, 28°30'N,

125°30'E, 125 m, 4 Jul 1976, 1 c? si = 2.7

mm, lOCAS V495B-60; RA^V, Stn. V-3,

27°30'N, 124°00'E, 105 m, 4 Jul 1976, 1 6
si = 2.1 mm, 2 ovig. ? si = 2.1, 2.6 mm,
lOCAS V519B-135; R/VV, Stn. V-6,

27°30'N, 125°30'E, 115 m, 4 Jul 1976, 1 S
si = 3.0 mm, lOCAS V499B-15; RA^V,

Stn. V-6, 27°30'N, 125°30'E, 112 m, 5 Jul

1976, 2 S s\ = 2.0, 2.6 mm, 2 ovig. 5 si

= 2.3, 3.5 mm, lOCAS V496B-16; R/VV,

Stn. V-7, 27°30'N, 125°00'E, 131 m, 5 Jul

1976, 1 d si = 2.1 mm, 3 9 si = 2.0-2.3

mm, 1 ovig. ? si = 2.3 mm, lOCAS
V498B-29; R/VV, Stn. VI-3, 26°30'N,

123°00'E, 98 m, 4 Jul 1976, 2 ovig. 9 si =

2.4, 3.0 mm, lOCAS V494B-16.

Remarks.—Like A^. muricatus, Alcock's

(1905a) N. gardineri has been frequently

misinterpreted (e.g., Kensley 1969, Miyake

1978, Haig & Ball 1988). Having examined

the holotype of Alcock's (1905a) taxon, we
can confidently say that it is not included

in the collections of the Institute of Ocean-

ology. Nematopagurus gardineri is most

readily identified by its moderately long oc-

ular peduncles that lack any noticeable cor-

neal dilation. McLaughlin (1998) compared

N. gardineri with N. meiringae, and was

able to readily separate the two taxa, not

only by the lack of corneal dilation in A^.

gardineri, but also by the row of corneous

spines on the dorsal surface of each am-

bulatory dactyl. The dorsal surfaces of the

dactyls of A^. meiringae are provided with

long stiff setae. It is most probable that

specimens reported by Wang (1983, 1992,

1994) and Huang (1989) as N. gardineri are

actually A^. meiringae.

As previously discussed, A^. australis and

A^. meiringae are morphologically very sim-

ilar species. While their distributions over-

lap in the northern part of the South China

Sea, only N. meiringae has been found in

the East China Sea. In contrast, only N. aus-

tralis is present in the southern part of the

South China Sea. Nematopagurus meirin-

gae also generally appears to inhabit areas

of greater depth.

Nematopagurus tricarinatus

(Stimpson, 1858)

Eupagurus tricarinatus Stimpson, 1858:

251.—Ortmann, 1892:309.

Ceratopagurus tricarinatus—McLaughlin,

1992:795, figs. 1, 2.

Nematopagurus indicus—Miyake, 1961:

12.—Miyake et al., 1962:126 (fist) (not

Nematopagurus indicus Alcock, 1905b).

Nematopagurus vallatus—Miyake, 1978:

131, fig. 52; 1982:121, pi. 41, fig. 4.—
Miyake & Imafuku, 1980:63, pi. 2, fig.

8.—Wang, 1992:61 (list); 1994:571 (list)

[not Nematopagurus vallatus (Melin,

1939)].

Nematopagurus tricarinatus—McLaughlin

& Sandberg, 1995:579.

Material examined.—R/VS, NCOS Stn.

6012, 22°30'N, 117°00'E, 48 m, 20 Jul

1959, 2 (? si = 1.7, 2.1 mm, 1 ? si = 2.0

mm, 2 ovig. ? si = 2.0, 2.1 mm, lOCAS
SIII33B; R/VS, NCOS Stn. 6021, 22°15'N,

116°00'E, 51 m, 9 Jul 1959, 1 specimen,

poor condition, IOCAS S1II23B; R/VS,

NCOS Stn. 6059, 2r30'N, 1 13°45'E, 45 m,

9 Dec 1959, 1 2 si = 1.7 mm, lOCAS
S138B; R/V2 NCOS Stn. 6063, 21°30'N,

113°30'E, 41 m, 24 Apr 1959, 8 d si =

1.7-3.8 mm, 3 5 si = 1.8-2.4, 5 ovig. ?

si = 2.4-2.9 mm, lOCAS K42B; R/V121,

NCOS Stn. 6140, 19°30'N, 1 1 1°00'E. 39 m,

29 Oct 1959, 1 ovig. 9 si = 3.8 mm, lO-
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CAS N95B-24; RA^171, NCOS Stn. 6063,

2r30'N, 113°30'E, 39-18 m, 20 Feb 1959,

5 (? si = 2.0-4.2 mm, 2 ?, 1.7, 2.0 mm, 2

ovig. ? si = 2.9, 3.2 mm lOCAS 39-18,

39-19; RA^lTl, NCOS Stn. 6166, 16°30'N,

110°30'E, 72 m, 20 Apr 1959, 1 d si = 3.0

mm, lOCAS L568-62; RA^220, NCOS Stn.

6006, 23°00'N, 1 17°30'E, 42 m, 4 Jan 1959,

1 ovig. 9 si = 3.3 mm, lOCAS S114B-32;

R/V 220, NCOS Stn. 6012, 22°30'N,

117°00'E, 43 m, 3 Mar 1959, 1 ovig. 9 si

= 2.4 mm, lOCAS 538B-3; RA^ 220,

NCOS Stn. 6052, 21°30'N, 1 14°00'E, 48 m,

17 Mar 1959, 9 S s\ = 2.6-4.7 mm, 4 9

si - 1.7-2.4 mm, lOCAS 15-47; RA^ 220,

NCOS Stn. 6059, 21°30'N, 1 13°45'E, 38 m,

17 Mar 1959, 1 c? si = 3.2 mm, 1 ovig. 9

si = 3.3 mm, USNM 1003652; R/V 228,

NCOS Stn. 6015, 22°30'N, 1 18°30'E, 43 m,

10 Jan 1960, 1 6 sl'= 3.5 mm, 4 additional

specimens, poor condition IOCAS Q107B,
Q120B.

Remarks.—There has been considerable

uncertainty as to the true identity of Stimp-

son's (1858) Pagurus tricarinatus (as Eu-

pagurus) since the type material is no lon-

ger extant. McLaughlin (1992) recorded

what she believed to be Stimpson's taxon

from the South China Sea, and assigned it

to Yokoya's (1933) Ceratopagurus. Mc-
Laughlin & Sandberg (1995) reexamined

Melin's (1939) syntypes of A^. vallatus and

noted that Melin's specimens had tubercles

on the dorsal surfaces of the palms of the

chelae between the elevated keels. Mc-
Laughlin's (1992) South China Sea speci-

mens, in contrast, had smooth surfaces. As
indicated in the remarks under A^. alcocki,

Japanese specimens identified by Miyake

(1978) and Miyake & Imafuku (1980) as A^.

vallatus were shown by McLaughlin &
Sandberg (1995) to be conspecific with

McLaughlin's (1992) Ceratopagurus tricar-

inatus. Although McLaughlin & Sandberg

(1995) transferred C tricarinatus to Ne-

matopagurus as a distinct taxon, they stated

their uncertainty about the presence of tu-

bercles as a species-specific character. All

of the specimens in the Institute of Ocean-

ology collections have smooth surfaces be-

tween the keels. We believe that this con-

firms their identities as N. tricarinatus, and

the diagnostic merit of this character.
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A new species of leaf porter crab of the genus Neodorippe Serene &
Romimohtarto, 1969 (Crustacea, Decapoda, Brachyura, Dorippidae)

from Irian Jaya, Indonesia
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Abstract.—A new species of dorippid crab of the genus Neodorippe Serene

& Romimohtarto, is described from Irian Jaya in Indonesia. The genus was
previously monotypic. The new species is distinguished from A'^. callida (Fa-

bricius) by its more glabrous carapace and appendages, proportionately longer

ambulatory legs, and different structure of the male first gonopod. Both species

habitually carry leaves on their backs for camouflage.

The genus Neodorippe Serene & Romi-
mohtarto, 1969, currently has only one spe-

cies, N. callida (Fabricius, 1798). Holthuis

& Manning (1990:93, 95) revised the Indo-

West Pacific Dorippinae and resolved the

taxonomic and nomenclature problems as-

sociated with the type species of Neodor-

ippe and its identity. Neodorippe callida

had previously been better known as Neo-

dorippe astuta (Fabricius, 1798), but Hol-

thuis & Manning (1990) showed that Do-
rippe astuta Fabricius, 1798, is actually a

junior synonym of what is now known as

Dorippoides facchino (Herbst, 1785).

All dorippids carry a variety of living

and dead objects above their carapaces

(Guinot et al. 1995), N. callida is perhaps

unique in that it always carries leaves, and

has the habit of swimming upside down
near the water surface (Ng & Tan 1986, Ng
1987, Lim et al. 1994).

Recently, we examined a good series of

specimens from Irian Jaya which superfi-

cially resemble A^. callida. Comparisons

with an excellent series of N. callida spec-

imens from Singapore, Malaysia, Thailand,

Brunei, Philippines and western Indonesia

in the Raffles Museum, as well as exami-

nation of the type specimens in the Copen-

hagen Museum, showed that these Irian

Jaya specimens belong to a new species

herein described.

Specimens examined are deposited in the

Museum Zoologicum Bogoriense, Indone-

sian Institute of Sciences, Bogor, Indonesia

(MZB); and Zoological Reference Collec-

tion, Raffles Museum, National University

of Singapore (ZRC). Measurements provid-

ed (in millimetres) are of the carapace

width (cw) and carapace length (cl). The

abbreviations Gl and G2 refer to the male

first and second gonopods respectively. The

terminology used here follows Holthuis &
Manning (1990).

Neodorippe simplex, new species

Figs. 1-4

Material examined.—Holotype: male

(cw 13.3 mm, cl 13.8 mm), station EM 870,

Otakwa estuary, Timika, Irian Jaya, Indo-

nesia, 04°58'43"S, 137°12'94"E, trawl, coll.

K. Hortle, 16 Dec 1997, MZB 1479. Para-

types: 5 males (cw 11.4 mm, cl 11.7 mm;
cw 12.7 mm, cl 13.0 mm; cw 12.7 mm, cl

12.8 mm; cw 12.8 mm, cl 13.2 mm; cw
14.0 mm, cl 14.1 mm), 3 females (cw 12.5

mm, cl 12.7 mm; cw 13.6 mm, cl 13.8 mm;
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Fig. 1. A, Neodorippe simplex, new species, holotype male (cw 13.3 mm, cl 13.8 mm), MZB 1479; B, A'.

callida (Fabricius, 1798), male (cw 14.5 mm, cl 15.2 mm), off Kuala Lumpur, Peninsular Malaysia, coll. S.

Lim, January 1993, ZRC 1993.386.

CW 13.7 mm, cl 13.5 mm [ovigerous]),

same data as holotype, ZRC. 3 males (cw

7.3 mm, cl 7.4 mm; cw 8.5 mm, cl 8.7 mm;
cw 8.8 mm, cl 9.0 mm), 1 female (cw 8.2

mm, cl 8.4 mm), station EM 775, Mawati
estuary, Timika, Irian Jaya, Indonesia,

04°52'46"S, 137°9'26"E, coll. A. Haris, 19

Mar 2000, MZB. 1 male (cw 6.8 mm, cl

7.0 mm), estuary outside Sungai (river) Ti-

poeka, Timika, Irian Jaya, Indonesia, coll.

A. Haris, 28 Jun 2000, ZRC.
Description.—Males. Carapace longer
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liii^ti'^
Fig. 2. Carapace. A, Neodorippe simplex, new species, holotype male (cw 13.3 mm, cl 13.8 mm), MZB

1479; B, N. callida (Fabricius, 1798), male (cw 14.5 mm, cl 15.2 mm), off Kuala Lumpur, Peninsular Malaysia,

coll. S. Lim, January 1993, ZRC 1993.386.

than broad. Dorsal carapace surface almost

flat, regions well defined, very smooth, gla-

brous; cervical groove very shallow, just

discernible; gastric and branchiocardiac

grooves deep, prominent; postorbital

groove shallow; branchial groove deep, en-

circling swollen region, forming low round-

ed branchial tubercle at anterolateral mar-

gin. Anterolateral margin gently sinuous,

smooth to slightly granular, glabrous or

with only very short scattered setae; pos-

terolateral margin convex. Front with 2 well

developed teeth, separated by broad, U-
shaped cleft; orbital fissure short, very nar-

row; outer orbital tooth triangular, tip well

below level of frontal teeth. Infraorbital

margin entire.

Chelipeds asymmetrical. Caipus relative-

ly elongate, smooth, almost glabrous, with-

out distinct teeth or projections. Larger che-

la with palm prominently swollen, surfaces

smooth, dorsal margins with scattered very

short setae; fingers much shorter than palm;

cutting margins lined with numerous even-

ly-sized teeth; pollex bent obliquely down-

wards, with shallow longitudinal median

sulcus on outer surface; dactylus longer

than pollex, with shallow longitudinal me-

dian sulcus on outer surface. Smaller chela

slender; surfaces with scattered very short

setae; fingers longer than palm, not promi-

nently bent downwards; cutting margins

lined with numerous evenly-sized teeth.

First 2 pairs of ambulatory legs (pereio-

pods 2 and 3) very long, slender; laterally

flattened, margins unarmed; caipus with

short setae on doisal margin, with only

scattered setae on ventral margin; propodus

with median longitudinal sulcus, margins

lined with relatively dense setae, progres-

sively longer along distal part; dactylus

gently curved, bicarinate marginally with
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median longitudinal groove, dorsal and

ventral margins with dense setae, those on

dorsal margin longer, setae not present on

distal quarter of ventral margin. Third and

fourth ambulatory legs (fourth and fifth pe-

reiopods) modified for carrying leaves; dac-

tylus and propodus forming mobile subche-

late structure; carpus and propodus lined

with short setae.

Thoracic sternites 1 and 2 completely

fused; sternites 2 and 3 separated by distinct

complete suture; sternites 3 and 4 fused, de-

marcated by shallow transverse depression;

sternite 4 with prominent median tranverse

ridge (gently convex towards buccal cavity)

medially interrupted by notch; sternites 5, 6

and 7 raised above that of sternite 4, suture

of sternites 3 and 4 separated from median

tranverse ridge of sternite 4 by prominent

tranverse depression; surface of sternites 5-

7 with submedian oblique striae. Male ab-

dominal cavity deep, reaching to just before

anterior margin of sternite 5; abdominal

locking button on outer posterior margin of

sternite 5.

Abdomen with segments 3-5 fused, im-

movable, but sutures still visible between

segments 3 and 5, suture between segments

4 and 5 faint, only median part still dis-

cernible; segment 1 trapezoidal; segment 2

broader, more prominently trapezoidal,

proximal margin triangular; segment 3 sub-

rectangular with convex lateral margins,

slightly broader than segment 2, lateral

parts swollen; segment 4 narrowly trape-

zoidal; segment 5 rectangular; segment 6

subtraepzoidal with sinuous lateral margins;

telson triangular, partially sunken into distal

margin of segment 6, tip rounded. Surfaces

of segments not prominently ornamented.

Gl strongly bent, basal part bulbous, rest

of structure very slender; subdistal part

slightly dilated before tapering to sharp

point. G2 bent.

Females. Similar to males except cheli-

peds symmetrical, with both chelae slender,

not swollen, fingers longer than palm; ab-

domen rounded, with all segments free, an-

terior part of thoracic sternum not covered;

telson semicircular, with segments increas-

ingly broader posteriorly; segments 4 and 5

with prominent tranverse submedian ridges;

abdominal cavity has pair of functional ab-

dominal locking buttons on posterior mar-

gins of sternite 5 which hold abdomen rel-

atively tightly to thoracic sternum.

Etymology.—The name is derived from

the Latin simplex, meaning single, and al-

ludes to the simple Gl of the species when
compared to N. callida.

Remarks.—Compared to TV. callida, the

anterolateral margin of A^. simplex, new
species, is usually straighter and less obvi-

ously concave (Figs. 2A, 3A vs. 2B, 4A);

the carapace, chelipeds and legs are almost

glabrous or with only scattered short setae

(vs. distinctly pubescent) (Figs. lA, 2A, 3F

vs. IB, 2B, 4B); the orbital fissure is nar-

rower (vs. broader) (Fig. 3A, B vs. 4A); the

cervical grooves are very shallow (vs. deep,

prominent) (Figs. 2A, 3A vs. 2B, 4A); the

anterolateral and proximal part of the pos-

terolateral margin is slightly granular to al-

most smooth (vs. distinctly granular) (Figs.

3A vs. 4A); the meri of the legs are dis-

tinctly more slender and relatively longer

(Figs. 3F vs. 4B); and most significantly,

the distal part of the Gl is simple, with only

a single tapering process (vs. with two pro-

cesses, one sharp, one rounded) (Figs. 3G-I

vs. 4C). Other than for the Gl, all the other

differences are independent of size or sex.

The habits of N. simplex appear to be

identical to what has been reported for A^.

callida. In the aquarium, A^. simplex carry

leaves on their backs and swim upside

down, with the leaf, when disturbed. The

subchelate structures of the last two pairs of

legs of N. simplex are very similar to those

figured for N. callida and probably function

in the same manner (Lim et al. 1994:108,

127).

While A^. callida has a wide distribution,

ranging from the Red Sea to Southeast Asia

and China (Holthuis & Manning 1990:99,

100), it has yet to be reported from eastern

Indonesia or northern Australia. In the shal-

low continental shelf waters of Irian Jaya
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Fig. 3. Neodorippe simplex, new species, holotype male (cw 13.3 mm, cl 13.8 mm) (MZB 1479). A, dorsal

view of carapace; B, right orbit and eye; C, abdomen, outer view; D, right major chela, outer view; E. left minor

chela and carpus, outer view; F, right second ambulatory leg, outer view; G, left Gl (setae not drawn), ventral

view; H, distal part of left Gl, ventral view; I, distal part of left Gl, dorsal view; J, left G2, ventral view. Scales

= 1.0 mm.
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Fig. 4. Neodorippe callida (Fabricius, 1798), male (cw 14.5 mm, cl 15.2 mm), off Kuala Lumpur, Peninsular

Malaysia, coll. S. Lim, January 1993, ZRC 1993.386. A, dorsal view of carapace (setae not drawn); B, right

second ambulatory leg, outer view; C, distal part of left Gl, ventral view. Scales = 1.0 mm.

and northern Australia (part of the Sahul

Shelf) at least, it seems to have been re-

placed by A^. simplex.
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TyposyHis papillosus, a new species (Annelida: Polychaeta: Syllidae)

from the southwest Gulf of Mexico
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(MAT-V, VS-W) Laboratorio de Ecologia Costera (Poliquetos). Institute de Ciencias del Mar y
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(AG-B) Centre de Ecologia y Pesquerias, Universidad Veracruzana. Av. Dos vistas S/N,

Carretera Xalapa-Las Trancas, Km 3.5, Xalapa, Veracruz, 91190, Mexico

Abstract.—A new species of syllid polychaete, Typosyllis papillosus, is de-

scribed from oil platforms in the Campeche Sound, southwestern Gulf of Mex-
ico. The species is distinguished from other Typosyllis species by the following

features: unique composite heterogomph falcigers bearing blades with bidentate

tips with distal tooth larger than subdistal and rounded and proximal part of

proboscis subdivided into ten regions, each of which with ten longitudinal rows

of five or six rounded to triangular papillae. The species is closely related to

T. typica (Moore, 1909) due to the presence of similar chaetae in both; nev-

ertheless, no superior composite heterogomph falcigers with long blades and

coarse basal serrations are present in the latter, and T. typica lacks the ten

groups of rounded papillae distributed along the pharyngeal basal area in T.

papillosus.

Syllids constitute one of the most di-

verse and widely distributed families of

polychaetes. Usually free-living, they are

very common in shallow waters, inhabit-

ing soft sediments, coralline and algal sub-

strates and being particularly abundant in

cryptic environments of reef areas. The
family, which was established for six gen-

era and 15 species, is now represented by

66 genera and 819 species (Glasby et al.

2000), and these numbers increase con-

stantly. Syllids are taxonomically a com-
plex group, and the prospect of reaching a

satisfactory and plausible taxonomic ar-

rangement for the whole family will prob-

ably be attainable only in the long term,

after standardization of procedures to de-

scribe them accurately (Kudenov & Harris

1995). A synopsis of the majority of syllid

genera is presented by Fauchald (1977),

whereas an abstract of the systematic his-

tory, taxonomy and biology of the family

can be found in Uebelacker (1984), and

more recently in Kudenov & Harris

(1995), Fauchald & Rouse (1997), Licher

(1999) and Glasby et al. (2000).

Campeche Sound, in the southwestern

Gulf of Mexico, is an important area of oil

extraction activity and regional fisheries in

the coastal zone of Mexico; however, the

benthic fauna is poorly known. Regional

surveys were undertaken to study the fauna

of the area surrounding the offshore oil

platforms. Part of the research on the ex-

tensive polychaete collections made during

these studies has already been presented in

Granados-Barba & Soli's-Weiss (1994,

1997a, 1997b, 1998). Previous taxonomic

reports on other polychaetes collected dur-

ing these studies include Solis-Weiss et al.

(1994, 1995).

Syllids found throughout the continental

shelf of the northern Gulf of Mexico com-

prise the family with the highest number of

species of all recognized polychaete fami-

lies (Uebelacker & Johnson 1984). In the

southern Gulf of Mexico, syllids are partic-

ularly common in areas of carbonate sedi-
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Fig. 1. Map of the study area around oil platforms: • Sampling stations.
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ments (biogenic), especially those of the

Campeche Bank (36 species at least), while

in the predominantly terrigenous sediments

(deltaic) surrounding the offshore oil plat-

forms, they are rare (three species).

The sampling area is located in the Cam-
peche Sound, between 18°46' 20°03'N and
91°33' 92°34'W, in an offshore area wth oil

platforms, situated on the continental shelf

down to about 200 m. The zone is charac-

terized by continental waters and strong

Table 1 .—Positions and depths of sampling stations.

Station Latitude (N) Longitude (W) Depth (m)

3 19°18' 92°28' 102.6

4 19°15' 92°28' 71.8

11 19°20' 91049' 32.4

12 19°33' 9r54' 56

13 19042' 92°00' 70.2

16 20°03' 92°09' 127.2

17 18°59.1' 92°51.6' 75

18 19°20.3' 9r39.4' 29

19 20°57.9' 9r03.9' 28

oceanographic dynamic processes due to

seasonal changes (Monreal-Gomez & Salas

de Leon 1990). The sediment in the area is

mostly mud with some isolated patches of

sandy mud.

Materials and Methods

Sampling was done on board the RA'^

Justo Sierra, as part of the projects IMCA-
DINAMO in Sep 1988 (IMCA-2), Mar
1989 (IMCA-3), Sep-Oct 1989 (IMCA-4),

Mar 1990 (DINAMO-1) and Oct-Nov 1990

(DINAMO-2). Syllids from nine stations

are herein considered (Fig. 1, Table 1).

Samples were collected with a 0.1 m^
Smith-Mclntyre grab, screened on a 0.5

mm sieve, fixed in 10% formaldehyde, and

subsequently washed and transferred to

70% ethanol. Depth, salinity, and tempera-

ture were recorded at each station with a

Niels Brown Conductivity Temperature

Depth (CTD) probe. Environmental factors

are described using the following abbrevi-
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ations: D = depth (m); T = temperature

(°C); S = salinity; OM = organic matter in

the sediment (% of organic carbon) and DO
= dissolved oxygen (ml/L). Type material

is deposited in the National Museum of

Natural History, Smithsonian Institution

(USNM), Washington, D. C, Los Angeles

County Museum of Natural History

(LACMNH-AHF), California, U.S.A., In-

stituto de Ciencias del Mar y Limnologia

de la Universidad Nacional Autonoma de

Mexico (CP-ICML-UNAM), Mexico City,

Colegio de la Frontera Sur (QNR.IN.021.

0497), Quintana Roo, Mexico, The Austra-

lian Museum (AusM), Sydney, the British

Museum of Natural History (BMNH), Lon-

don, Museo Nacional de Ciencias Naturales

de Madrid, Universidad Autonoma de Ma-
drid (MNCNM), Spain, Museum National

d'Histoire Naturelle (MNHN), Paris, Zool-

ogisches Institut und Museum, Universitat

Hamburg (ZMH), Hamburg.

Genus Typosyllis Langerhans, 1879

Type species.—Syllis krohnii Ehlers,

1864.

Diagnosis.—Body cylindrical, with nu-

merous segments. Prostomium with three

articled antennae, two pairs of eyes and

usually two additional anterior ocular spots.

Palps separated along almost entire length

but united basally in dorsal view. Nuchal

organs as paired, ciliated lobes between

prostomium and peristomium. Two pairs of

articled tentacular cirri. Ventral cirri in all

parapodia. Chaetae usually compound fal-

cigers with unidentate or bidentate blades,

with simple chaetae variably present in pos-

terior chaetigers. Aciculae of different

shapes and number (up to six per parapo-

dium anteriorly, reducing in number pos-

teriorly). Pharynx with smooth margin, and

subterminal middorsal tooth and 10 small

terminal soft papillae.

Remarks.—Syllis, one of the most di-

verse genera in the family, was originally

described by Savigny (in Lamarck, 1818).

Langerhans (1879) split the genus into four

subgenera: Haplosyllis with only simple

chaetae, Typosyllis Langerhans with com-
pound falcigers, Syllis Langerhans with

simple chaetae and compound falcigers and

Ehlersia Quatrefages with spinigerous

chaetae and falcigers. However, this divi-

sion has been used more for practical pur-

poses than to resolve taxonomic problems.

Recently, Uebelacker (1984), San Martin

(1992), Kudenov & Harris (1995) and Lich-

er (1999) have considered using Syllis as

the genus. In this study, we prefer to rec-

ognize four separate but closely related

genera for matters of practicality.

Typosyllis papillosus, new species

Figs. 2-5

Syllis {Typosyllis) sp. G.—Uebelacker,

1984:30.131 fig. 30-124.

Material examined.— 15 specimens: Sep

1988, sta. 4(1); sta. 13(1); Mar 1989, sta.

13(1); Sep-Oct 1989, sta 4(2), 18(1), 19(1);

Mar 1990, sta. 16(3); Oct-Nov 1990 sta.

16(1), 12(1), 3(1), 17(1).

Additional material examined.—Port

Aransas Texas, 26°10'N, 96°24'W, USNM
(75234).

Type locality.—Holotype: Sep 27, 1988,

sta. 4. USNM (1006833) Gulf of Mexico,

19°15'N, 92°28'W. Paratypes: Sta. 3,

19°18'N, 92°28'W, Nov. 5, 1990 (1)

MNCNM 16.01/9050. Sta. 12, 19°33'N,

9r54'W, Nov. 11, 1990 (1) AusM W28481.

Sta. 13, 19°42'N, 92°00'W, Sep. 24, 1988 (1)

MNHN 1242, Mar. 11, 1989 (2) mounted in

gold for SEM, CP-ICMYL-UNAM POP37-

001. Sta. 16, 20°03'N, 92°09'W, Nov. 3, 1990

(1) BMNH 2002.898, (1) QNR. SYLL-45,

(1) CP-ICMYL-UNAM POP37-001. Sta. 17

18°59.1'N, 92°51.6'W, Nov. 7, 1990 (1)

ZMH: SMF 13000. STA. 18, 19°20'N,

91°39'W, OCT 10, 1989, (1) LACM-AHF
POLY 2100. Sta. 19, 20°57.9'N, 91°03.9'W

Sep. 30 1989, (1) USNM 1006834. Port

Aransas, Texas, 26°10'N. 96°24'W, 91 m,

USNM (75234)

Description.—Holotype incomplete (10

mm by 1.3 mm) with 48 chaetigers. Para-
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Fig. 2. Typosyllis papillosus, new species, a) Anterior region, dorsal view; b, c) Inferior falcigers; d) Falciger

with smooth margin from median region of body; e) Superior falciger in median region; f) Aciculae from

posterior region.

types and Uebelacker specimen posteriorly

incomplete (3-18 mm by 0.5-2.2 mm)
with 19 to 78 chaetigers. Body long, an-

teriorly broad (Fig. 3A, B) and posteriorly

slender, tegument thick. Prostomium tri-

angular, wider than long. Two pairs of

small eyes in trapezoidal arrangement; an-

terior pair at base of median antenna, pos-
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Fig. 3. Typosyllis papillosus, new species. Scanning electron microscopy (SEM). A) Anterior region, dorsal

view; B) Anterior region, ventral view.

terior pair at posterior border of prosto-

mium. Median antenna with 24-33 articles

(31 in holotype), inserted at posterior mar-

gin of prostomium; lateral antennae with

19-25 articles (19 in holotype) medially

inserted on prostomium. Palps triangular,

basally fused (Fig. 4A). Nuchal organs

small, visible between prostomium and

peristomium (Fig. 2a). Dorsal tentacular

cirri with 26 articles; ventral tentacular cir-

ri with 21 articles. Pharynx long with 10

globular terminal papillae (Fig. 4A, B) and

subterminal conical thick tooth middorsal-

ly. As an unusual characteristic, proximal

part of proboscis subdivided into 10 lon-

gitudinal regions, each of which with a sin-

gle row of five or six rounded to triangular

papillae (Fig. 4A-D). Proventricle longer

than pharynx, extending from chaetiger 9

to 19, with 44 rows of transverse muscle

bands. Dorsal cirri long, alternating in

length, with 28 to 42 articles; ventral cirri

slender, cirriform and slightly shorter than

parapodial lobes (Fig. 3B). Parapodia elon-

gate, conical, with three kinds of chaetae:

two superior composite heterogomph fal-

cigers with long blades and coarse basal

serrations (Fig. 2e); four median composite

falcigers with shorter blades; two with

short, uniform and dense serration (Fig.

2b), and two with less dense serration

(Figs. 2c, 5A); four inferior composite fal-

cigers without serration (Fig. 2d). All com-
posite chaetae have blades with bidentate

tips, with distal tooth larger than subdistal

(Fig. 5B-D), and with serration (when pre-

sent) only proximally. Two kinds of simple

chaetae in posterior segments; unidentate

and indistinctly serrated ones in superior

position, and bidentate smooth ones in in-

ferior position. Aciculae broad, straight,

subterminally expanded with acute tips

(Fig. 2f); number changing along body re-

gion with three aciculae on chaetigers 1 to

18, and two after chaetiger 19. Blade

width-length ratios are 1:3 on anterior seg-

ments, 1:2.5 on median segments, and 1:3

on posterior segments. Blade length for in-

ferior falcigers is ca. 40 |xm. Posterior end

unknown.

Remarks.—The compound falcigers of T.

papillosus are similar to those in Exogo-

nella longipedata Hartman (1965:77, pi. 10.

fig. b), a species described from 400 m
depth off New England. Typosyllis. how-

ever, differs from Exogouella in that the lat-
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Fig. 4. Typosyllis papillosus, new species. SEM. A) Piiarynx, dorsal view; B) Pharynx, ventral view; C)

Right lateral group of papillae: D) Left lateral group of papillae.

ter lacks tentacular cirri and antennae. Like-

wise, compound falcigers are slightly sim-

ilar to T. typica (Moore, 1909), but in that

species the superior composite hetero-

gomph falcigers have shorter blades than

those in T. papillosus and a lighter pecti-

nation along the blade.

Typosyllis papillosus is distinguished

from other related species by the presence of

two superior composite heterogomph falci-

gers with long blades and coarse basal ser-

rations and two median composite falcigers

with less dense serration and also the ten

groups of rounded papillae distributed along

the pharyngeal basal area. This last character

resembles the arrangement of paragnaths or

papillae in nereidids, although in T. papil-

losus these papillae are distributed along the
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Fig. 5. TyposylUs papillosiis, new species. SEM. Scanning electron microscopy. A) Interior falcigers: B. C)

Distal region of blade of inferior falciger; D) Distal region of blade of smooth falciger.

oral area instead of in the maxillary area, as

is common in the Nereididae.

Glasby (1993) considered syllids to be

part of a monophyletic group which in-

cludes the Nautiliniellidae and the Pilargi-

dae. while Fauchald & Rouse (1997) con-

sidered it a sister group of a large clade,

including nereidiforms, phyllodociforms

and glyceriforms. More recently, Pleijel &
Dahlgren (1998) presented evidence for

their affinity with both nereidids and spinth-

erids. However, the phylogenetic position

of the Syllidae is still considered uncertain

(Glasby et al. 2000).

Occurrence.—TyposylUs papillosiis was

collected in mud and sandy mud. D = 29-

127; T = 20-27; S = 36.3-37.1; OM =

1.18-1.3; DO = 3.46-3.56.

Etymology.—The specific name refers to

the unique papillae found in the proboscis.
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New marine gastrotrichs of the family Thaumastodermatidae
(Gastrotricha: Macrodasyida) from Shirahama, Japan
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Abstract.—Three new species belonging to the family Thaumastodermatidae

are described on the basis of the specimens collected from the Pacific coast

around the Seto Marine Biological Laboratory, Shirahama, Wakayama, Japan.

Tetranchyroderma schizocirratum, new species, bears pestle organs, dorsal cu-

ticular armature made up of tetrancres only, and three pairs of dorsolateral

tubes, the last of which is shaped as cirrata with the distal part branched.

Thaumastoderma clandestinum, new species, is clearly differentiated from its

congeners by the character combination of six pairs of dorsal cirrata, a pair of

simple spatulate tentacles, paired ventral adhesive tubes on the anterior region

of the copulatory organ and accessory cirrata of last dorsal cirrata. Platydasys

itoi, new species, is most allied to P. phacellatus Clausen in having the ven-

trolateral cirri group in the form of tuft, but it is distinguished from the latter

by the lack of lateral tubes and a different number of ventrolateral cirri and

adhesive tubes.

Marine gastrotrichs are still poorly

known in Japan. Saito (1937) first reported

two marine species, Aspidiophorus marinus

Remane, 1926 and a new species Tetran-

chyroderma dendricum Saito, 1937 from

Hiroshima. In an investigation of the mei-

ofauna around Kasado Island in the Seto

Inland Sea, Sudzuki (1976) listed several

gastrotrich taxa, including A. marinus and

a few undetermined species belonging to

the genera Cephalodasys, Macrodasys, and

Xenotrichula, together with the description

of Paradasys nipponensis Sudzuki, 1976

(there is little doubt that this species has to

be ranked species inquirenda, considering

the rather inadequate description and illus-

tration, seemingly on the basis of juvenile

specimens). Later, Sudzuki (1979) added

several marine gastrotrich taxa to the inter-

stitial biota of the Ryukyu Islands, includ-

ing Heteroxenotrichula affinis (Remane,

1934), H. pygmaea (Remane, 1934), Aspi-

diophorus sp. and Chaetonotus sp. The late

Dr. Tatsunori Ito, who extensively studied

marine meiofauna, mentioned and photo-

graphed several genera of gastrotrichs (Ito

1985) that had been mostly collected

around the Seto Marine Biological Labo-

ratory (SMBL).
The family Thaumastodermatidae is a

representative taxon constituting the most di-

versified natural group of marine gastro-

trichs, and 85 species in eight genera are

currently recognized. However, in the west

Pacific, the taxonomic study on this family

is rather scanty, and only five species have

been recorded, namely Tetranchyroderma

dendricum Saito, 1937 from Japan, and T.

gracilium Chang, Lee & Clausen, 1998,

Thaumastoderma coronarium Chang, Lee &
Clausen, 1998, Th. appendiculatum Chang,

Lee & Clausen, 1998 and Th. copiophorum

Chang, Lee & Clausen, 1998 from South

Korea (Chang et al. 1998a, 1998b).

This paper deals with the description of

three new thaumastodermatid gastrotrichs.
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one each belonging to the genera Tetran-

chyroderma, Thaumastoderma, and Platy-

dasys, on the basis of specimens obtained

from the coast around SMBL at the mouth
of Tanabe Bay, southwestern Honshu, Ja-

pan.

Materials and Methods

Material was collected from the intertidal

and shallow sublittoral zones around the

Seto Marine Biological Laboratory, Shira-

hama, Wakayama, Japan (35°4r30"N,

135°20'30"E). Samplings were made either

by scooping the top few centimeters of bot-

tom sediment by skin diving or by using

Eckmann-Berge grab samplers (20 cm by

20 cm). In the laboratory, gastrotrichs were

extracted by the relaxation-decantation

method (Ruppert 1988). The extracted

specimens were fixed in 5% buffered for-

malin or Bouin's fluid and transferred to a

5% solution of glycerin in 95% ethyl al-

cohol, which was allowed to evaporate over

1—3 days, leaving the specimens in pure

glycerin.

Specimens were drawn and measured in

glycerin on H-S slide (Shirayama et al.

1993), a recent variation of Cobb slide, and

also observed and photographed with a dif-

ferential interference contrast microscope

with Nomarski optics. Minute morphologi-

cal characters like sensory hairs and inner

genital organs were examined and video-

recorded from living specimens using a

CCD camera. Figures were made with the

aid of a camera lucida.

Material for scanning electron micros-

copy (SEM) was prefixed overnight at 4°

with 2.5% glutaraldehyde in a 0.1 M phos-

phate buffer, followed by postfixation with

1% cold osmium tetroxide in the same buff-

er for 1.5-2 hr. After dehydration through

a graded ethanol series (50-100% at 10%
intervals) for 30 minutes each, materials

were critical point dried, coated with gold-

palladium in a high vacuum evaporator, and

examined with a Hitachi S-520 scanning

electron microscope operated at 15-20 KV.

Terminology used in the description fol-

lows Ruppert (1991) and Clausen (1991).

Abbreviations used in the text are as fol-

lows: Lt, total length, from anterior tip of

head to posterior tip of caudum, or pedicles

including adhesive tubes; U, percentage

unit of Lt, used for the location (U-) from

anterior to posterior, or for the relative

length (-U); PhJIn, junction between phar-

ynx and intestine; cirrata 1—5, first to fifth

pair of dorsolateral cuticular tubes with a

granular content; TbA, anterior adhesive

tubes; TbD, dorsal adhesive tubes; TbDL,
dorsolateral adhesive tubes; TbP, posterior

adhesive tubes; TbV, ventral adhesive

tubes; TbVL, ventrolateral adhesive tubes.

Systematics

Family Thaumastodermatidae

Remane, 1926

Subfamily Thaumastodermatinae

Ruppert, 1978

Genus Tetranchyroderma Remane, 1926

Tetranchyroderma schizocirratum,

new species

Figs. 1, 2

Material examined.—Fourteen individu-

als (1 juvenile), subtidal sands (3-5 m
depth), northern beach of SMBL, 15 Jan

1997, H. S. Rho & C. Y. Chang. Holotype

(National Museum of Natural History,

Smithsonian Institution: USNM 1002489)

and 1 paratype (USNM 1002490) mounted

in glycerin on H-S slide. Two paratypes in

glycerin are deposited in SMBL (Type nos.

403, 404), and other paratypes (10 speci-

mens mounted on H-S slide) are retained in

the collection of the first author at the De-

partment of Biology, Taegu University.

Additional material examined.—Three

individuals, at the same locality as above,

25 Jul 1997, R. Asai; 13 individuals, at the

same locality as above, 16-20 Sep 2000, S.

Kubota & J. M. Lee; 5 individuals, subtidal

sands (4.8-1 1.2 m depth, with grab) of Tan-

abe Bay, north of SMBL, 19 Sep 2000, S.

Kubota & J. M. Lee.

Diagnosis.—Tetranchyrodenjia with ob-
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Fig. 1. Tetranchyroderma schizocirratiim, new species: A, habitus, dorsal view; B, habitus, ventral view; C,

habitus, juvenile, ventral view. Scale bars = 20 fxm.

long and slender body; head gently convex

with anterior bulgy margin; without ce-

phalic tentacles; bearing a pair of pestle or-

gans; cuticular armature of tetrancres only;

3 pairs of TbDL of cirrata type, first one

just posterior to PhJIn, second one at mid-

dle intestinal region and third pair robust

with cleft end, at posterior edge of body; 5

TbA forming an arc at each side; 8-15 pairs

of TbVL, consisting of 2 in pharyngeal re-

gion and 6-13 in mid-trunk region; TbV as

paired feet each consisting of 2-3 tubes;

TbP of 10-11 tubes per side, comprising

pedicles each with 3 distal tubes, 5 lateral

and 2—3 medial ones.

Description of holotype.—Body elon-
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Fig. 2. Tetranchyroderma schizocirratum, new species: A, habitus, dorsal view; B, head and neck region,

dorsal view; C, posterior part, including last cirrata and posterior adhesive tubes, dorsal view; D, tetrancres.

Scale bars: A = 50 (i,m; B = 5 |xm; C = 10 [xm; D = 1 \im.

gate, flattened dorsoventrally; total length

about 280.3 |xm, including posterior adhe-

sive tubes; both sides nearly parallel, weak-

ly constricted at neck region and slightly

swollen at mid-trunk region (U59), with

maximum width 38.8 jxm (13.9U), nar-

rowed at the base of bilobed caudum;

widths of head, neck, PhJIn, trunk, and cau-

dal base 42.8 |xm, 30.9 fxm, 34.7 ixm, 38.8

jxm, and 23.7 jjtm at U05, U20, U32, U59,

and U93, respectively.

Head (Figs. 1, 2B) protruding slightly an-

teriorly with bulgy border, adorned with

sensory hairs around oral opening; dorsal

sensory hairs scattered on oral hood just in

front of foremost row of cuticular armature;

other hairs irregularly situated laterally or

dorsolaterally (U16-U93). No cephalic ten-

tacles or ciiri present. Paired pestle organs

situated at U08, suboval and pointed an-

terolaterally, each accompanied by a sen-

sory bristle. Eyespot lacking.

Cuticular armature (Fig. 2B, D) furnished

with tetrancres only, ananged in 15—18 col-

umns at mid-trunk region, each with up to

50-54 tetrancres; size of tetrancres variable.
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5.2-5.5 |JLm between opposite tines at head

portion (U05), 7.9-11.2 ixm at mid-trunk

region (U52), and 6.5-8.3 fxm near caudum,

respectively. Epidermal glands number 5-6

per side, situated from middle of pharyn-

geal region near cirrata 3, mixed in size

(16.4-17.1 by 8.6-13.8 |xm) with generally

oval shape.

Adhesive tubes: 5 TbA of 1 medial and

4 per side forming a ventrolateral arc, each

5.9-8.6 |JLm long; 11 TbVL per side, com-

prising 2 in pharyngeal region (8.6 |xm and

7.2 iJim long, each at U13 and U27) and 9

in mid-trunk region (9.9-13.8 jxm, more or

less evenly spaced from U39 to U70), the

sixth one with a cirratum issuing together

at U50; TbV as 2 symmetrical feet each

consisting of 3 tubes, with their lengths in-

creasing laterally (9.2, 10.5 and 13.2 |xm);

adhesive tubes of the TbP series in number
of 10-11 per side, comprising pedicles each

furnished with 3 distal tubes (including a

thin cirratum-type tube dorsally inserted be-

tween the other two), 5 lateral and 2-3 me-

dial ones. Three pairs of TbDL of cirratum-

type: first one 10.5 |xm (3.8U) long, issuing

just behind PhJIn (U41), second one a little

shorter than the preceding one, 9.9 |xm

(3.5U) at mid-intestinal region (U62), and

last one (Figs. lA, 2C) robust and about

two times longer than cirrata 2, 19.7 jjim

(7.0U) with its distal portion cleft, situated

at the level of genital pore (U88).

Testis not reaching PhJIn, as in Fig. IB;

vas deferens shown as weakly folded at

mid-trunk region (U51). Maturing oocyte

oval, situated dorsally just posterior to mid-

trunk. Copulatory organ pyriform, anterior

portion broad and hind part narrow (36.2

by 13.3 |JLm) located at U74-U87; seminal

receptacle circular, 1 1 .2 |xm in diameter, an-

terior to copulatory organ.

Ecology.—Found among fine sands in

subtidal bottoms (3-5 m depth), frequently

together with Thaumastoderma clandestin-

um.

Juvenile.—One juvenile (Fig. IC)

showed several morphological differences

from adults, including body rather stumpy

and widest at head region (Lt 133.6 ixm,

width 32.2 |xm, width to length ratio 24.1%,

vs. 13.8% in holotypic adult); TbA of only

3 pairs, in a transverse row, 5.3-5.9 |xm

long; only 4 pairs of TbVL, first one located

at mid-pharyngeal region (U21), second

one as granular tube just behind PhJIn

(U35), and the other two in mid-trunk re-

gion (U47 and U58); TbV not detected; 5

TbP on each side: each pedicle bearing two

distal tubes with one cirratum-type tube

pointed dorsally, flanking only 1 lateral

tube and 1 medial tube; and only 2 pairs of

TbDL present, posterior one branched at the

middle of cirratum.

Measurements and variability.—Body
lengths of 13 adult type specimens in glyc-

erin ranged from 205.2 ixm to 280.3 |xm {X
= 236.6 ± 64.1 |xm), maximum widths 32—

48 \xm (14-23U). Lengths of cirrata 1

(TbDL) 9.0-11.8 jxm (3.8-5.3U), cirrata 2

6.4-9.9 \).m. (2.9-3.5U), and cirrata 3 15.1-

19.7 (Jim (6.7-8.7U). Relative mean length

ratio of cirrata 1-3 measured 4.5:3.4:7.5.

The arrangement and numbers of adhe-

sive tubes showed some variability. TbA:
one paratype had 4 pairs, 10 specimens, in-

cluding holotype, 5 pairs, and two individ-

uals 5 tubes on one side and 6 on the other

side. TbVL: the numbers were consistent as

2 pairs in pharyngeal region but variable in

intestinal region (varying from 6 to 13

pairs, often showing asymmetrical arrange-

ment). TbV: 2-5 tubes were present per

side, often asymmetrically. TbP: each ped-

icle possessed 3 distal tubes in all adult

specimens examined; the number of lateral

tubes and medial tubes was variable, rang-

ing 4—5 and 2—3 per side, respectively,

sometimes with asymmetrical arrangement.

No particular difference in the number
and arrangement of dorsal cirrata was de-

tected, except for one specimen that had an

additional cirratum between cirrata 2 and 3

on left side only; cirrata 3 were usually cleft

or branched as suggested by the specific

name, which is the key feature of this new
species; this feature was shown invariably,

except for two specimens in a total of 33
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specimens examined; one specimen had a

three-lobed cirratum while another speci-

men had a unbranched one; however, both

bear the branched cirratum on the other

side.

Etymology.—The specific name, schizo-

cirratum, is derived from the Greek schizo,

meaning "cleave, split, divide or branch"

and refers to the cleft cirrata 3, the diag-

nostic character of this new species.

Remarks.—Forty-six species are current-

ly recognized in the genus Tetranchyrod-

erma. Of them, T. schizocirratum. should be

allied with four species which have a pestle

organ and at the same time are armed with

tetrancres only: T. massiliense Swedmark,

1956, T. sanctaecaterinae Todciro, Balsamo

& Tongiorgi, 1992, T. aphenothigmum
Hummon, Todaro, Tongiorgi & Balsamo,

1998, and T. gracilium Chang, Lee & Clau-

sen, 1998. Tetranchyroderma schizocirra-

tum is differentiated from them by the num-
bers of TbD or TbDL in having three such

pairs, while the above four species have

two, one, nine and two pairs, respectively

and especially by the peculiar shape of the

last one (cirrata 3). In addition, T. schizo-

cirratum shows some other discrepancies

with the species above as follows: T. mas-

siliense is discernible from T. schizocirra-

tum in bearing extended pedicles without

flanking TbP, as well as by the longitudinal

TbA arrangement (Swedmark 1956).

Tetranchyroderma sanctaecaterinae is

discernible from the T. schizocirratum by

its characteristic arrangement of TbVL or

TbV (Todaro et al. 1992). Tetranchyroder-

ma aphenothigmum is peculiar in having a

pair of long tentacles on the oral hood;

moreover, it is differentiated from the other

species of the above group by its meager

pedicles (Hummon et al. 1998). Tetranchy-

roderma gracilium has a similar arrange-

ment of TbP as does T. schizocirratum, but

the former shows a clear difference in its

strikingly narrow body shape and in the

elongate and evenly broad copulatory organ

(Chang et al. 1998b).

Tetranchyroderma boreale Clausen,

2000 resembles T. schizocirratum in gen-

eral appearance but is differentiated from it

by lacking the pestle organs, by smaller

caudal lobes, and by its TbP which lack a

cirratum (Clausen 2000).

Tetranchyroderma dendricum Saito,

1937 recorded from Japan bears an arma-

ture furnished with tetrancres only, but it

supposedly lacks the pestle organ according

to the illustration in the original description

(Saito 1937). Furthermore, it clearly differs

from T. schizocirratum by the number of

TbDL, the shape of pedicles and the ab-

sence of medial TbP

Genus Thaumastoderma Remane, 1926

Thaumastoderma clandestinum,

new species

Figs. 3, 4

Material examined.—Eleven individuals,

subtidal sands (3—5 m depth), northern

beach of SMBL, 17 Sep 2000, S. Kubota

& J. M. Lee. Holotype (USNM 1002491)

and 1 paratype (USNM 1002492) mounted

in glycerin on H-S slide. Two paratypes

mounted in glycerin are deposited in SMBL
(Type nos. 405, 406), and other paratypes

(four specimens mounted in glycerin, and

three on aluminum stubs for SEM obser-

vation) are housed in the Department of Bi-

ology, Taegu University.

Additional material examined.—Fifteen

individuals, subtidal sands (4.8-11.2 m
depth, grab sampling) in Tanabe Bay, north

of SMBL, 19 Sep 2000, S. Kubota & J. M.
Lee; 1 1 individuals, subtidal sands (3-5 m
depth), northern beach of SMBL, 21 Jan

1997, H. S. Rho.

Diagnosis.—Thaumastoderma with sim-

ple spatulate tentacles; adhesive tubes com-

posed of 4 pairs of TbA, 10-19 TbVL per

side of which first 2 tubes in pharyngeal

region, 1 pair of TbV in posterior intestinal

region and 6-8 TbP per side; 6 pairs of dor-

sal cirrata (TbD), of which second and third

pairs reduced to vestigial, and sixth one

having an accessory cirratum.

Description of the holotype.—Body
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Fig. 3. Thaumastoderma clandestinum, new species: A, habitus, dorsal view; B, habitus, ventral view; C,

habitus, juvenile, ventral view. Scale bars = 20 jjim.

(Figs. 3, 4A) small and stumpy, Lt 171.1

|xm, and a little constricted at U30 just an-

terior to PhJIn. Posterior border slightly in-

curved. Widths of head, PhJIn, trunk, and

caudal base 27 |xm, 36.2 ixm, 44.7 [xm, and

28.3 |xm at U06, U32, U61, and U91, re-

spectively.

Anterior margin of head (Figs. 3, 4B)

convex, with 1 pair of papillae each bearing

a sensory hair just ahead of anterior tenta-

cle, and 5-7 short sensory hairs; other hairs

long, issuing near base of dorsal cirrata.

Oral opening subcircular, ca. 10.5 iJim in di-

ameter, and a little protruding with bulgy

distal margin.

Anterior tentacles slim, 7.9 ixm long, sit-

uated at U06; rod-shaped lateral tentacles

15.1 |xm long at U06; spatulate tentacles 9.9
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Fig. 4. Thaitmastoderma clandestinum, new species: A, habitus, ventral view; B, iiead and neck region,

dorsal view; C, posterior part of trunk, including copulatory organ. Scale bars: A = 50 ixm; B, C = 10 [isa.

|xm long, simple-form with shaft and blade

smoothly merging. Eyespot lacking. Phar-

ynx cylindrical, 51.3 (xm long.

Cuticular armature with tetrancres (Fig.

3A), in about 29-34 rows and 13-15 col-

umns at mid-trunk region; ancres with rel-

atively slender tines, ca. 2.0 \x.m wide on

head region and ca. 5.9 |xm on mid-trunk

region, respectively. Five to 8 epidermal

glands per side, scattered from U22 to U78,

round to oval in shape, mixed in size (from

5.9 fxm to 8.6 ixm in diameter).

Six pairs of TbD (cirrata): cirrata 1 and

cirrata 6 stout and elongate, 18.4 \Lm

(10.8U) and 28.3 |jim (16.5U) long at Ull
and U92, respectively, whereas cirrata 2

and cirrata 3 extremely reduced and even

vestigial, 4.8 ixm (2.7U) long at U32 and

3.9 |JLm (2.3U) long at U49; cirrata 6 with

an accessory cirratum near their bases.

Adhesive tubes: 4 TbA per side, forming

a transverse row posterior to mouth at U04;

TbVL of 12 pairs, including 2 small cirrata-

like ones (5.3 |xm) in pharyngeal region sit-

uated at U14 and U28, respectively and 10

in trunk region from U33 to U74, mixed in

size from 7.9 jxm to 13.2 [jim; 1 pair of TbV
5.9 ixm long, situated at level of last TbVL
(U75); pedicles (Fig. 3A) 14.5 |xm (8.5U)

long, each furnished with 2 distal tubes,

flanked by 2 tubes laterally (5.9-7.2 fjtm

long) and 3 tubes medially (7.9 |xm long).

Testis single on right side, not reaching

PhJIn, as in Fig. 3B; seminal receptacle

round, 8.5 |xm in diameter, anterior to cop-

ulatory organ, at U64—U70; copulatory or-

gan (Fig. 4C) ellipsoidal, 24.6 |xm long and

16.4 |xm wide, located from U70 to U87;

egg situated dorsally in mid-trunk region.

Ecology.—Occurring in fine to medium
sands usually in subtidal bottoms (most

abundant at 3—5 m depth), frequently to-

gether with Tetranchyroderma schizocirra-

twn.

Juvenile.—Lt 111.8 [xm, broadest (24

|jLm) at mid-pharyngeal region (U26) or at

hind part of trunk (U79). Pharynx much
elongated, exceeding 0.33 of Lt. One ju-

venile (Fig. 3C) showed a few morpholog-

ical discrepancies from adults: TbA of only

2 pairs (while 4 pairs in adults); only 3 pairs

of TbVL: absent in mid-pharyngeal region,

but 1 granular tube located near PhJIn as in

adult; TbV not detected; 4 TbP on each

side: pedicle is nearly similar in shape with

that of adults, except not flanked by medial

tubes, and only 4 pairs of dorsal cirrata pre-

sent, last one each accompanied by a just-

sprouting accessory cin-atum.

Measurements and variability.—Body
lengths of eight specimens mounted ranged

from 163.2 to 189.5 \x.m {X = 177.5 ± 15.3

|xm), and maximum widths 42.8-46.1 jxm

(1 9.4-26.2U). The relative lengths of cir-

rata 1 to total body length 10.8-16. lU, cir-

rata 4 6.9-9.7U, cin-ata 5 5.4-8.9U, and
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cirrata 6 16.5-24.0U (mean ratios 13.8:8.0:

6.8:21.4).

Eight of 1 1 type specimens, including the

holotype, have the spatulate tentacles with

shaft and blade smoothly merging (heideri-

type), while three specimens have the distal

part abruptly swollen (mediterraneum-type)

(cf. Clausen 1965). All specimens exam-

ined consistently have vestigial cirrata 2

and cirrata 3, an accessory cirratum near the

base of last cirrata, and a pair of TbV at the

level of last TbVL. On the other hand, the

numbers and arrangement of TbVL and

TbP are rather variable and often asym-

metrical.

Etymology.—The specific name, clan-

destinum, is taken from the Latin clandes-

tinus, which means "secret, hidden and

concealed." It alludes to the vestigial cirrata

2 and cirrata 3 that are often "hidden and

concealed" among tetrancres.

Remarks.—Twelve species are currently

known in the genus Thaumastoderma of

which T. clandestinum is most similar to T.

truncatum. Clausen, 1991 and T. bifurcatum

Clausen, 1991 in having the following char-

acter combination: six pairs of dorsal cir-

rata, paired simple spatulate tentacles, and

the absence of eyespots (Clausen 1991).

Thaumastoderma clandestinum is easily

discernible from the species listed above in

having one pair of TbV in the anterior re-

gion of the copulatory organ, a small ac-

cessory cirratum near the last dorsal cirra-

tum, and the different length proportions of

dorsal cirrata.

Thaumastoderma appendiculatum Chang,

Lee & Clausen, 1998 appears very close to

T. clandestinum in sharing two characteris-

tics, i.e., the presence of accessory cirrata

annexed to dorsal cirrata and paired simple

spatulate tentacle (Chang et al. 1998a).

However, T. appendiculatum shows clear

discrepancies by having five pairs of dorsal

cirrata and the different size arrangement of

dorsal cirrata as well as in the TbP array.

Thaumastoderma clandestinum also shares

the simple spatulate tentacle with T. heideri

Remane, 1926 and T. mediterraneum Re-

mane, 1927 but is discernible from them by

the presence of accessory cirri beside cirrata

6, the presence of one pair of TbV, and the

size proportions of dorsal cirrata.

Thaumastoderma clandestinum is likely

related to an as yet undescribed species,

which was found from the Cheju Island and

southern coast of Korea, considering the

character combination of six pairs of dorsal

cirri, simple spatulate tentacles and the

morphology of TbP array. However, T.

clandestinum is distinguished from it by the

presence of TbV and accessory cirrata an-

nexed to last dorsal cirrata, as well as the

distinctly shortened cirrata 2-5.

Genus Platydasys Remane, 1927

Platydasys itoi, new species

Figs. 5, 6

Material examined.—Fifteen individuals,

tide pools at the upper part of intertidal

rocky shore, near Engetsudo Islet, south of

SMBL, 18 Sep 2000, C. Y. Chang & J. M.
Lee. Holotype (USNM 1002493) and 1

paratype (USNM 1002494) mounted in

glycerin on H-S slide. Two paratypes

mounted are deposited in SMBL (Type nos.

407, 408), and other paratypes (eight spec-

imens mounted in glycerin, and three on

aluminum stub for SEM study) are retained

in the collection of the first author.

Additional material examined.—Eleven

individuals, same as above, 15 Mar 1998,

C. Y. Chang.

Diagnosis.—Body slender and elongate;

dorsal surface covered with numerous con-

ical papillae; anterodistal margin convex,

with 6 terminal adhesive tubules; posterior

ventrolateral cirri group in the form of tuft;

lack of lateral tube; TbA including a medial

row with 16 tubes and a pair of lateroven-

tral rows each with 7-8 long tubes; TbVL
consisting of 7 pairs in distal pharyngeal

region and about 90 per side, densely in-

serted in a column along the trunk; TbP
comprising 10 medial tubes, poorly devel-

oped pedicles and 17-19 tubes lateral to

each of these.
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A-C

Fig. 5. Platydasys itoi, new species: A, head, dorsal view showing papillary armature; B, remainder after

head, ventral view showing internal organs; C, habitus, ventral view; D, dorsal papillae; E, spermatozoon. Scale

bars: A-C = 50 ixm; D, E = 10 \x.m.

Description of holotype.—Body (Figs.

5C, 6A) slender and elongate, 503.3 iJim

long; both sides nearly parallel in trunk re-

gion and weakly narrowing in pharyngeal

region, with maximum width of 102.0 |xm

(20.3U) in mid-trunk region (U46); body

dorsoventrally flattened. Pharynx rather

short compared with other congeners, 144.1

|jLm in length, and PhJIn at U28.6. Widths

of head, neck, PhJIn, trunk, and caudal base

85.5 iJim, 78.9 ixm, 94.1 mm, 102.0 ixm. and

49.3 |xm at U07, U19, U29, U46, and U95,

respectively.

Anterodistal margin of head (Figs. 5A, C,
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Fig. 6. Platydasys itoi, new species: A, habitus, dorsal view; B, head and neck region, dorsal view; C,

lateroventral adhesive tubes and spiny processes. Scale bars: A = 100 ixm; B = 10 iJim; C = 5 |xm.

6B) convex, with 6 terminal adhesive tu-

bules; sensory hairs scattered, issuing on

both dorsal and ventral margins of head.

Oral opening wide, 69.1 |xm in diameter,

and sub-terminal.

Dorsal surface covered with numerous

conical papillae (Fig. 5D); two morpho-

types of dorsal papillae are distinguishable,

one is complex and pyriform in shape, bear-

ing an obliquely-carved cone at its distal

part with fine, spiny end (about 5.9-8.6 |xm

in diameter, 15.7-17.8 |xm in height),

whereas the other with simple, conical, pap-

illary shape (4.1-5.3 ixm high), each bear-

ing a long hair, situated mainly along mar-

gin but sparsely scattered on the dorsal sur-

face. Dorsal glands small (3.9-5.3 |xm in

diameter) and tinged orange to bright

brown, scattered all over the dorsal surface

among papillae.

Adhesive tubes: TbA comprising a trans-

verse row with 16 medial tubes and paired

oblique ventrolateral rows each with 7-8

long tubes (about 7.2 iJtm), as in Fig. 5C.

TbL not detected. TbVL numerous; 7 pairs

(16.4-22.4 |xm long) locating beside distal

part of pharynx (starting from U19); about

90 per side densely arranged longitudinally

in trunk region, their lengths somewhat uni-

form, about 32.9-38.2 ixm long. TbP com-
prising 1 1 medial tubes between two poorly

developed pedicles each carrying 2 distal

tubes (13.2 [Jim long), and flanked laterally

by 17-19 tubes.

Paired ventrolateral tuft of long motile

cirri present posteriorly at the level of cop-

ulatory organ (U85), each tuft consisting of

about 10 cirri, and ranging from 51.3 to

57.9 |jLm in length, as in Fig. 5C.

Lateral margin of ventral side densely

fringed with a longitudinal column of pos-

teriorly curved spiny processes (Fig. 6C),

extending from behind TbA to lateral TbP.

Testis single on right side (from a dorsal

view), reaching to U35, far behind PhJIn,

as in Fig. 5B; vas deferens not straight but

somewhat twisted or folded at U64, and

connected to copulatory organ; copulatory

organ oblong (55.9 by 24.3 ixm), locating

U75-U86, surrounded by musculature;

seminal receptacle circular (29.6 ixm in di-

ameter), containing numerous motile sper-

matozoa. Spermatozoon (Fig. 5E) ca. 126

|xm long, with proximal quarter spiraled.

Four eggs of different sizes in mid-intesti-

nal region, maturing anteriorly.

Ecology.—Found abundantly among
coarse shell gravel in tide pools at the upper

part of intertidal rocky shores.

Measurements and variability.—Body
lengths of 15 adult type specimens in glyc-

erin ranged from 372.6 ixm to 503.3 ixm {X

= 447.1 ± 64.5 |JLm), maximum widths

83.9-112.1 jxm (20.3-24.3U).
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The arrangement and numbers of adhe-

sive tubes showed some variabiUty among
individuals. Anterodistal adhesive tubes

numbered 6-7. Total numbers of TbA
ranged from 28 to 32. The numbers of

TbVL were relatively consistent as 7-8

pairs in pharyngeal region but quite vari-

able in intestinal region (ranging from 80

to 95 pairs usually showing asymmetrical

arrangement). Lateral TbP numbered 16—19

pairs frequently with asymmetrical arrange-

ment, and the medial ones between pedicles

8-12.

On the other hand, the typical ventrolat-

eral cirri group in the form of tuft was in-

variably observed in all adult specimens ex-

amined, while the lateral adhesive tubes

were unexceptionally lacking.

Two juveniles were examined and

showed a few morphological discrepancies

from adults: the typical ventrolateral cirri

group in the form of tuft was absent; one

specimen had only 6 TbA and the other

possessed 13; TbVL consisted of 9-10

pairs in one and 20-27 in the other; pedi-

cles were not distinctive in the juveniles,

and one individual had total 10 TbP while

the other 17 tubes.

Etymology.—The specific name honors

the late Dr Tatsunori Ito in recognition of

his contribution to the study on the mei-

ofauna of Japan.

Remarks.—The genus Platydasys com-
prises 10 species, of which P. itoi is most

similar to P. phacellatus Clausen, 1965, P.

mastigurus Clausen, 1965, and P. pacificus

Schmidt, 1974 in sharing the character

combination of the lack of eyespots and the

presence of paired ventrolateral cirri groups

(Clausen 1965, Schmidt 1974). Especially,

P. itoi is most closely allied to P. phacel-

latus in having the ventrolateral cirri group

"in the form of tuft." However, it is distin-

guished from the latter by the slender body,

lack of lateral tubes, the number of ventro-

lateral cirri, and the number of adhesive

tubes. Platydasys itoi is also different from

P. mastigurus in the arrangement of the

ventrolateral cirri group (as a longitudinal

row in P. mastigurus), the lack of lateral

tubes, and the number of adhesive tubes.

Moreover, P. itoi shares the lack of lateral

tubes with P. pacificus but has discrepan-

cies in the arrangement of the ventrolateral

cirri group (as a cirri group separately gath-

ered in P. pacificus), the number of adhe-

sive tubes, and the presence of feet.

Ito (1985) contains a photograph of a

Platydasys sp. (Photo. H, 3) collected

around SMBL, but it is unlikely that it is

identical to P. itoi. Although the picture is

not clear and the specimen was shrunk, it

conceivably belongs to Thaumastoderma or

Tetranchyroderma, considering its long

dorsolateral cirrata on the laterodistal part

of trunk.
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Abstract.—The genus Pacifigorgia is revised based on original type-speci-

mens and new specimens recently collected. In addition to P. irene Bayer and

P. bayeri Breedy, which are the only well defined, seventeen other species are

recognized as valid {P. adamsii, P. agassizii, P- arenata, P. cribrum, P. dar-

winii, P. douglasii, P. elegans, P. englemanni, P. exilis, P. eximia, P. gracilis,

P. media, P. pulchra, P. rutila, P. stenobrochis, and P. tabogae). The species

are described and illustrated in detail with photomicrographs and scanning elec-

tron micrographs of the sclerites. Lectotypes are proposed for eight species.

Octocorals of the families Gorgoniidae

and Plexauridae represent the most abun-

dant and spectacular fauna of the shallow

tropical American waters (Bayer 1961).

Comprehensive taxonomic research has

been undertaken on the Caribbean and the

western Atlantic octocorals (Bayer 1959,

1961), improving the knowledge and pro-

viding a means of identification of these or-

ganisms. In contrast, very few studies have

been carried out on the eastern Pacific oc-

tocorallian fauna.

Six genera of Plexauridae, four of Gor-

goniidae (Verrill 1868a, 1869a, 1870; Hick-

son 1928, Bayer 1958), and one of ElUsel-

lidae (Bayer & Deichmann 1960) have been

recognized in the eastern Pacific region

which extends from southern California to

Peru, including the Galapagos Islands. The
first descriptions of these organisms ap-

peared in scattered publications in the 19th

century (Valenciennes 1846, Milne Ed-

wards & Haime 1857, Horn 1860; Verrill

1863, 1864, 1866, 1868a, 1868b, 1868c,

1869a, 1869b, 1870). Verrill (1868c, 1869a,

1870) included these species in his paper

"Notes on Radiata", and added several new
ones. In the 20th century, Kiikenthal (1924)

published a massive revision of the order

Gorgonacea and included the species pre-

viously described for the eastern Pacific.

Although he provided a key to the eastern

Pacific fauna, he did not make any new
contribution to this group. Hickson (1928)

described 27 species from the Pacific coast

of Panama and the Galapagos Islands.

Stiasny (1941, 1943) also wrote about the

octocorals of Panama and reviewed the spe-

cies described previously by Hickson

(1928). Nevertheless, the lack of good spec-

imen and sclerite illustrations in these pub-

lications has made it difficult to recognize

genera and species. Even though the draw-

ings by Verrill (1868c, 1869a, 1870, 1912)

are beautiful and accurate, they are not to-

tally adequate for identification purposes,

since only few types of sclerites or any are

presented. Furthermore, the establishment

and description of species without a holo-

type, in many cases resulted in inconsisten-

cies and has led to taxonomic confusion.

This was evident in the studies of von Prahl

et al. (1986) and Sinsel-Duarte (1991) in

Colombia and Baja California, Mexico, re-

spectively, where the identification of gor-

goniids was not sufficiently cleai" and hence
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somewhat doubtful. Bayer (1981) placed

the octocorallian fauna of the eastern Pa-

cific in the "poorly known" category of

knowledge. According to him, it is in seri-

ous need of revision, and in many cases the

designation of lectotypes, in order to clarify

the identity of these species is necessary

(pers. comm. 1999).

Pacifigorgia is one of the most abundant

genera of the family Gorgoniidae inhabiting

the eastern Pacific area (one species has

been recorded from the western Atlantic).

Species of this genus are commonly known
as sea fans. They are mainly found in zones

of strong currents, swell and breaking surf.

In general, the fan-like colonies orient per-

pendicular to the direction of water motion

as in most of the gorgonians (Wainwright

& Dillon 1969, Grigg 1972, Kinzie 1973,

Leversee 1976, Weinbauer & Velimirov

1995). They are always attached to rocky

bottoms, shells, and small rock fragments,

or they can be found on coarse sand (pers.

obv.).

Sea fans from the eastern Pacific were

included by early taxonomists in the gen-

era: Gorgonia Linnaeus, 1758; Rhipidogor-

gia Valenciennes, 1855; Leptogorgia Milne

Edwards & Haime, 1857; and Litigorgia

Verrill, 1868c. These authors failed to des-

ignate type species for these genera or to

accept previous designations (Bayer 1951).

According to Bayer (1951), Gorgonia as

established by Linnaeus, was a heteroge-

neous collection of genera (gorgoniids, an-

tipatharians, a plexaurid, and a muriceid).

Valenciennes (1855) proposed the genus

Rhipidogorgia for fan-like octocoral spe-

cies with anastomosing branches, but he did

not designate a type species. Milne Ed-

wards & Haime (1857) established Lepto-

gorgia for several species with slender,

non-anastomosing branches, and failed to

indicate a type species. Verrill (1868a), who
established Litigorgia based on the forms

of the sclerites, included species with both

reticulated and non-reticulated colonies, but

also did not designate a type species. How-
ever, later in that same year, he designated

Leptogorgia florae Verrill as the type of Li-

tigorgia, G. flabellum Linnaeus as the type

of Gorgonia, and G. viminalis Pallas (sensu

Milne Edwards & Haime 1857) as the type

of Leptogorgia, and also made Litigorgia

and Leptogorgia synonymous. In 1918,

Bielschowsky designated G. flabellum as

the type of Rhipidogorgia, overlooking the

earlier designation of Verrill (1868c) for

Gorgonia, thus making both genera syn-

onymous.

In a later study, Bayer (1951) acknowl-

edged Rhipidogorgia as a synonym of Gor-

gonia and established the genus Pacifigor-

gia for reticulate gorgoniids lacking scaph-

oid sclerites.

Sixteen species have been previously as-

sumed to the genus Pacifigorgia. Several of

these species were described from only one

whole specimen or from a substantial frag-

ment. Many colonies were not illustrated

and only one or two kinds of sclerites were

considered for identification purposes. With

the exception of Pacifigorgia irene Bayer,

1951, and recently Pacifigorgia bayeri

Breedy, 2001, that have holotypes and well-

illustrated descriptions, the other descrip-

tions failed to provide details of growth

form, color, and sclerite variation, which

are essential characteristics for the identifi-

cation. Apart from P. bayeri this fauna was

described 50 to 150 years ago and, for

many of them, their taxonomic status is not

clear.

The present research provides a rede-

scription of each species, when needed,

based on original type-material, all the oth-

er material available in several museums,

and fresh specimens collected recently by

the authors. The species are illustrated with

photographs of the colonies, and photomi-

crographs and scanning electron micro-

scope-micrographs of their sclerites. Lec-

totypes have been designated where appro-

priate.

This study represents the first contribu-

tion in a series that attempts to reevaluate

the genera of Gorgonacea reported for the
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shallow eastern Pacific waters. In this first

paper we revise the genus Pacifigorgia.

Abbreviations

BM: The Natural History Museum, Lon-

don, UK; CASIZ: California Academy of

Science, Invertebrate Zoology, San Francis-

co, USA; CIMAR: Centro de Investigacion

en Ciencias del Mar y Limnologia, Univ-

ersidad de Costa Rica, Costa Rica; CME:
Centro de Microscopia Electronica, Univ-

ersidad de Costa Rica; ICZN: International

Code of Zoological Nomenclature; MNHN:
Museum National d'Histoire Naturelle, Par-

is, France; MZC: Museum of Comparative

Zoology, Harvard University, Cambridge,

USA; SEM: Scanning Electron Microsco-

py; STRI: Smithsonian Tropical Research

Institute, Panama; UCR: Museo de Zoolo-

gia, Escuela de Biologia, Universidad de

Costa Rica; USNM: National Museum of

Natural History (former United States Na-

tional Museum), Smithsonian Institution,

Washington, D.C., USA; YPM: Yale Pea-

body Museum of Natural History, New Ha-

ven, USA.

Material and Methods

Type specimens and comparative refer-

ence material used in this study were ac-

quired on loan from the BM, CASIZ, MCZ,
MNHN, USNM, and YPM. Other material

from the UCR and STRI collections was

also examined. Except for the holotype of

Pacifigorgia darwinii, which was preserved

in ethanol, all the type specimens from

available collections were dry colonies.

The specimens were processed following

Bayer's (1961) methodology. Small frag-

ments from the tips of the colonies were

treated with sodium hypochlorite to disso-

ciate sclerites from tissue. They were

washed several times in distilled water, and

finally in 100% ethanol, then air or oven

dried. For permanent microscope slides of

sclerites, Permount mounting medium was

used. The only type material of P. douglasii

and P. tabogae are microscope slides of

sclerites, from Sidney Hickson's personal

1928 collection, mounted with Canada bal-

sam. A Nikon compound microscope with

a Nikon NFX-35 camera was used to take

the color photomicrographs. For SEM, the

sclerites were attached to aluminium stubs

by double stick carbon tape, and silver paint

bridges between the tape and the stub, were

made for better electronic conduction. The
samples were coated with a 30-45 nm layer

of platinum in an Eiko IB-5 or with 30 nm
gold layer in an Eiko IB-3 Ion Coater, and

observed and photographed under an N-
SEM 2360 Hitachi scanning electron mi-

croscope using 10-12 kv acceleration volt-

age. The measurements of the sclerites were

obtained from the pictures and directly

from a light microscope using an optical

micrometer. The length of the sclerites was

measured from one tip to the other and the

width was taken from the most distant

points across the sclerite. The given ranges

of sizes were based on the smallest and the

largest measures of a specific kind of scler-

ite found. Dimensions of the polyps and

thickness of the branches were made with

vernier calipers using a dissection stereo-

scope. Size of the colonies was measured

with a ruler, the height being the distance

from the base of the holdfast to the most

distal border of the fan, and the width being

the distance between the most distant hor-

izontal points crossing the fan. Identifica-

tion and descriptions are based on the

works by Horn (1860), Verrill (1863, 1864,

1866, 1868a, 1868b, 1869a, 1870, 1912),

Kukenthal (1924), Bielschowsky (1919,

1929), Hickson (1928), Stiasny (1941,

1943, 1951), Studer (1891), Bayer (1951,

1961), Harden (1979). Prahl et al. (1986).

Sinsel-Duarte (1991), and Breedy (2001).

Earlier descriptions for each species are cit-

ed and a redescription is given using stan-

dard terminology (Bayer et al. 1983). Each

species is illustrated with photographs: the

whole holotype or lectotype colony, a close

up, a micrograph of the sclerites for relative

proportion and size observation, and SEM
microphotographs of the sclerites for orna-
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Fig. 1. Coenenchymal sclerites of Pacifigorgia (stereo view of SEM micrographs). A. Spindle with acute

ends. B. Blunt spindle or elongated capstan. C. Dagger spindle.
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mentation and detail observation. Diagno-

ses and descriptions of the species of Pa-

cifigorgia were mainly based on the speci-

mens identified by Verrill deposited in the

YPM, because it was that collection upon

which he based his descriptions. In the case

of Pacifigorgia douglasii, Pacifigorgia en-

glemanni and Pacifigorgia tabogae, very

little from the original specimens was ever

found despite searches amongst the follow-

ing octocoral collections: YPM (E. Lazo-

Wasem, pers. comm. 1999); MCZ (A. John-

ston, pers. comm. 1999); USNM (S. Cairns,

pers. comm. 1999); National Museum of

Natural History Naturalis, Leiden (L. van

Ofwegen, pers. comm. 1999); Museo re-

gionale di Scienze Naturali Zoologia, Tori-

no (L. Levi, pers. comm. 1999); MNHN
(M. J. d'Hondt, pers. comm. 2000); BM (S.

Halsey, pers. comm. 2000); Manchester

Museum, Manchester (H. McGhie, pers.

comm. 2000); CASIZ (G. Williams, pers.

comm. 2001) and the Academy of Natural

Sciences, Philadelphia (E. Benamy, pers.

comm. 2000). However, microscope slide

preparations of the holotypes of Pacifigor-

gia douglasii and Pacifigorgia tabogae

from the BM collections, were made avail-

able to us for this study.

Terminology

In this study, we followed the terminol-

ogy proposed by Bayer, Grasshoff and Ver-

seveldt (1983) for the description of the

species. However, in some cases, the intro-

duction of new terms or modifications of

older ones applying to Pacifigorgia, were

considered appropriate.

anthocodial rod: monoaxial sclerite some-

what flattened and smooth, with plain,

serrated, lobed, scalloped, or dented mar-

gins or any combination of these forms

(Fig. 3).

capstan: rod with two whorls of tubercles

or warts, with a clear median space. In

most of the cases, tubercles and warts are

present at the ends of these sclerites and

fuse at different levels to form terminal
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Fig. 2. Coenenchymal sclerites of Pacifigorgia (stereo view of SEM micrographs). A. Coeiienchymal rod.

B-C. Capstans.
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Fig. 3. Anthocodial rod of Pacifigorgia (stereo view of SEM-micrographs).

tufts. Six, seven and eight-radiate scler-

ites are kinds of capstans (Fig. 2B, C).

coenenchymal rod: axis with flat conical

and simple projections and with acute or

blunt ends (Fig. 2A).

dagger spindle: asymmetrical monoaxial

sclerite with one end acute, and in some
cases, very sharp, and with the other end

blunt, with a warty terminal tuft and with

at least a whorl of tubercles (Fig. IC).

end-branchlets: terminal, unanastomosed
branches of a reticulate fan.

free-twigs: short, unanastomosed branches

projecting into the meshes of a reticulate

fan.

fans: erect leaf-like or blade-like structures,

which form a colony.

irregular network: reticulate structure re-

sulting from incomplete anastomosis of

branches.

mesh: free space enclosed by anastomosed

branches.

midribs: thick branches subdividing and ex-

tending on the network of the fan, which

vary in extension, thickness and shape.

radiate: monoaxial sclerite radiating in one

or several planes with less than eight tu-

bercles (three to seven radiate sclerites).

regular network: resulting from the com-

plete anastomosis of the branches in re-

ticulate fans,

spindle: sclerite with a straight or a slightly

curved axis, with more than two whorls

of tubercles or just sculptured with scat-

tered, prominent warts, and with acute or

blunt ends (Fig. lA, B).

Morphology

The genus Pacifigorgia is characterized

by anastomosing branches, which form net-

works. The network is the main difference

between this genus and Leptogorgia,

whereas previously some species of Paci-

figorgia were included in the genus Lepto-

gorgia (Verrill 1868c). The colonies may
form single or compound fans. The diam-

eter of the branches ranges from 0.05—0.07

mm to 2-5 mm. The branches anastomose

to form regular or irregular reticulate fans,

and in some species both forms are present

in large colonies. In each species the mesh
is very characteristic in size and shape.

However, the mesh of secondary fans is

commonly looser than that of the primary

fan. Colonies are always attached to the

substratum by a holdfast of diverse dimen-

sion and form. The colonies can be

strengthened by midribs, which vary in
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Fig. 4. A-B. Pacifigorgia adanisii (YPM 1 173k). C-D. Pacifigorgia agassizii (YPM 956a). E-F. Pacifigorgia

arenata (MNHN). G-H. Pacifigorgia crihruiu (MNHN). A. C. E. G. Entire colonies. B. D. F H. Detail of

branches.
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thickness, ramification and extension. Some
colonies, however, have no midribs what-

soever, which produces more flexible fans.

Commonly, the calyces are not prominent,

but in some species they form relatively

large conical projections. Their arrange-

ment and density around the branches is

characteristic for each species; nevertheless,

there is a general tendency to find more dis-

tant and dispersed calyces on the thicker

branches, midribs and holdfasts.

The sclerites of the calyces and coenen-

chyme are basically of three kinds: capstans

(Fig. 2B-C), rods (Fig. 2A, Fig. 3), and

spindles (Fig. lA-C). Some species bear

rings of anthocodial sclerites, which consist

of mostly longitudinally arranged rods be-

low the base of the tentacles. For most of

the species the arrangement of the antho-

codial sclerites could not be determined be-

cause the specimens studied had been dry

for so long. Tentacular sclerites are reported

in a few species. The polyps withdraw com-
pletely into the calyces or the coenenchy-

me. The main types of sclerites are shown
in Fig. lA-C, Fig. 2A-C, and Fig. 3, which

consist of SEM-micrographs mounted in

stereo-pairs allowing 3D viewing of these

structures. In contrast to many gorgona-

ceans, in Pacifigorgia (as in Leptogorgia),

the coenenchyme is very thin. For this rea-

son, differences in sclerite content in dif-

ferent tissue layers are very difficult to de-

termine; nevertheless, expected variation is

minimal (Grasshoff 1988). Species are

identified by the combination of forms, col-

ors, and sizes of sclerites in the samples;

instead of individual specific types, or ag-

gregations in coenenchymal layers. Accord-

ing to Grasshoff (1988), the "classical"

method of presenting the sclerites of a spe-

cies by separate drawings of their forms

does not give the impression of the typical

sclerite features.

The color in Pacifigorgia, as in Lepto-

gorgia (Grasshoff 1988), plays an impor-

tant role in taxonomy. According to Bayer

(1961), the color of the colony in octocorals

is dependent on the pigments in the scler-

ites, and when the organism is alive, its col-

or depends also on symbiotic algae and pig-

ments in the tissues. Consequently, a colony

might change its color drastically if the pol-

yps are expanded or contracted. The scler-

ites in Pacifigorgia are basically a combi-

nation of yellow, red and purple hues, or

are colorless. The color is retained in dry

or wet preserved specimens, although

sometimes, the specimens turn the ethanol

yellow.

Family Gorgoniidae Lamouroux, 1812

Genus Pacifigorgia Bayer, 1951

Rhipidigorgia (partial) Valenciennes, 1855:

13.—Milne Edwards & Haime, 1857:

173.—Horn, 1860:233.

Rhipidogorgia (partial).—Verrill, 1864:

32.—Duchassaing & Michelotti, 1864:

20.—Verrill, 1869:424.

Litigorgia (partial) + Eugorgia (partial)

Verrill, 1868c:414.

Leptogorgia (partial) Verrill, 1869b:420.

—

Verrill, 1870:548.

Gorgonia.—Bielschowsky, 1918:32.—Kti-

kenthal, 1924:338.—Bielschowsky,
19-29:141 .—Stiasny, 1 94 1 :268.—Stiasny,
1943:74.

Pacifigorgia Bayer, 1951:94.

Type species.—Gorgonia stenobrochis

Valenciennes, 1846, by original designation

(Bayer 1951:94).

Diagnosis.—According to Bayer (1951),

colonies flabellate, branched in one or sev-

eral parallel planes. Branches regularly

anastomosed to form a network with a mesh
of various dimensions. Calyces absent or

raised only slightly above surface of coe-

nenchyme. Coenenchymal sclerites basical-

ly of three kinds: long spindles with acute

ends and several whorls of warts; long (up

to 0.2 mm) or short (around 0.06 mm),
blunt spindles with several whorls of warts;

and capstans ornamented with different lev-

els of complexity. Anthocodial sclerites are

flattened rods with smooth, scalloped, in-

dented or lobed margins.
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Fig. 5. A-D. Photomicrographs of sclerites. A. Pacifigorgia adamsii (YPM 1 173k). B. Pacifigorgia agassizn

(YPM 956a). C. Pacifigorgia arenata (MNHN). D. Pacifigorgia cribrum (MNHN).

Distribution.—Eastern Pacific, from
southern California to Chile and the Gala-

pagos Islands; Atlantic coast from Trinidad

to Brazil (Bayer 1951) (Table 2).

Pacifigorgia adamsii (Verrill, 1868c),

new combination

Figs. 4A, B, 5A, 14A-E

Rhipidogorgia agassizii Verrill, 1864:32-

33 (partial).

Gorgonia {Rhipidogorgia) agassizii Verrill,

1866:327 (partial).

Gorgonia (Litigorgia) adamsii Verrill,

1868a:415 (partial).

Litigorgia adamsii Verrill, 1868b (par-

tial).—Verrill, 1869b:422 (partial).

Leptogorgia adamsii Verrill, 1868c:391, PI.

4, Fig. 4; PI. 5, Fig. 5 (partial).—Verrill,

1869b:421.—Studer, 1891:86.

(7)Gorgonia adamsii.—Hickson, 1928:

380-383.

Gorgonia adamsii.—Bielschowsky, 1918:

38 (partial).—Kiikenthal, 1919:773 (par-

tial).—Kukenthal, 1924:338-338 (par-

tial).—Bielschowsky, 1929:146 (partial).

Material examined.—Lectotype (here

designated).—YPM 1173 k, dry specimen,

76.8 by 114.4 mm. Pearl Islands, Gulf of

Panama, Panama, depth 11-15 m, collector

FH. Bradley, 1866-67.

Paralectotypes.—YPM 1173 d, m, n, o;

MCZ 1173, 4032 Pearl Islands, Gulf of

Panama, Panama; MCZ 4031 (MCZ 391),

MCZ 4031 (MCZ 374), MCZ 4032 (MCZ
375) Panama.

Other material—MCZ 4013, 4026 (15),

4027 (3), 4029 (2), 4030, 5044, Panama;

MCZ 4028, Acapulco, Mexico; YPM 1643,

554, 4616, Bay of Panama; USNM 34059,

Bay of Panama; CASIZ 097955, Baja Cal-

ifornia; CASIZ 097758, Sinaloa, Mazatlan;

CASIZ 097905, Revillagigedo Islands;

CASIZ 100844, Los Frailes Bay, Baja Cal-

ifornia; UCR 924 (2), 925, 931, 934, Sa-

mara Bay; UCR 488, Herradura; UCR 932,

933 Cano Island, Costa Rica.

Preliminary remarks.—This species was

first mentioned as Gorgonia {Litigorgia)

adamsii (Verrill, 1868a) without any de-

scription. The species was properly de-
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Fig. 6. A-B. Pacifigorgia darwinii (BM 1930.6.17.10). C-D. Pacifigorgia elegcms (YPM 4554). E-E Pa-

cifigorgia engelmanni (YPM 388). G-H. Pacifigorgia exilis (YPM 4059a). A, C, E, G. Entire colonies. B, D,

F, H. Detail of the branches.
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Fig. 7. A-H. Photomicrographs of sclerites. A. Pacifigorgia darwinii (BM 1930.6.17.10). B. Pacifigorgia

elegans (YPM 4554). C. Pacifigorgia engelmanni (YPM 388). D. Pacifigorgia exilis (YPM 4059a).

scribed in 1868b, when Verrill raised Liti-

gorgia to genus level. The same year he

transferred the species to the genus Lepto-

gorgia (1868c). Leptogorgia adamsii was
described using a collection of specimens

from various localities: Pearl Islands, Pan-

ama; Zorritos, Peru; Punta Arenas and Cor-

into, Nicaragua. Verrill did not designate a

holotype. Previously, in 1864, Verrill had

described the species Rhipidogorgia agas-

sizii, without designating a holotype, from

a mixture of specimens from Acapulco and

Panama. In 1868b, 1868c he came to the

conclusion that he had included two other

different species, Leptogorgia adamsii and

Leptogorgia rutila in his material assigned

to R. agassizii, and described both species.

He included "/?. agassizii (partial)" in the

synonym list of these three species. The
276mixture of specimens in the collection

does not permit to make sure on which

specimens Verrill had based the description

of adamsii in 1864. We found several spec-

imens in the MCZ collection that could

have been his original material: two speci-

mens (MCZ 4031) collected by Sternberg

from Panama, with 2 names on the labels

(Rhipidogorgia agassizii and Litigorgia

adamsii); one specimen (MCZ 4032) with

the same data and an indication that it was

1 of 3. Two specimens (MCZ 4035a, b),

without any labels (see under Pacifigorgia

agassizii). Two other specimens from Ac-

apulco (MCZ 4035, MCZ 4035c) with orig-

inal labels and identified as Gorgonia me-

dia. One specimen from Acapulco without

original label (MCZ 7010) (see under Pa-

cifigorgia rutila). And finally, one specimen

(MCZ 1173) with original label, and iden-

tified as Leptogorgia adamsii, from Pearl

Islands, Panama, collected by Bradley, and

given to the MCZ by YPM in exchange. In

Yale we found another series of specimens

(YPM 1173d, k, m, n, o), from Pearl Is-

lands, Panama; which was properly identi-

fied and labeled, and clearly was part of the

original material used by Verrill when he

described Leptogorgia adamsii.

In 1951 Bayer discovered that Verrill's

material of Leptogorgia adamsii also in-

cluded another species, that was considered
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by Verrill to be the "adult specimens" of

species, and described Pacifigorgia Irene.

The circumstances make it necessary to

designate a lectotype in order to avoid fu-

ture confusion. Because of the above-men-

tioned mixture of specimens in the MCZ
collection, and following recommendation

74D (ICZN 1999-2000:84) we hereby des-

ignate YPM 1173k as the lectotype of Li-

tigorgia adamsii Verrill 1868a. It is the

specimen that shows best the characters of

the species as described by Verrill 1868b

and 1868c.

Diagnosis.—Colonies small, dark purple

or golden ochre, wider than high, up to 210

mm long, 210 mm wide, normally formed

of a single erect fan with margins rounded

or lobed. Finely and evenly reticulated.

Thin squarish branches (up to 0.8 mm di-

ameter). Network of square, polygonal, and

sometimes round meshes, between 1 and

2.5 mm wide. Short stem (up to 20 mm)
and no trace of strong midribs, just some
short thick branches at the base. Very short

free-branchlets (up to 3 mm long). Pointed,

slightly raised calyces occur in two alter-

nating rows evenly spaced on all sides of

the branches, producing a warty surface.

Coenenchymal sclerites red, yellow, color-

less, and some bi-colored. Long spindles

(0.09-0.13 by 0.03-0.04 mm) with acute

ends. Anthocodial rods yellow or light or-

ange (0.06-0.10 mm by 0.01-0.03 mm)
with scalloped or serrated borders and small

thorny warts.

Description of the lectotype.—The spec-

imen (Fig. 4A, B) is a purple, 76.8 mm
long, 114.4 mm wide, semicircular fan,

wider than high, composed of a single erect

fan. A short stem (around 10 mm diameter

and 10 mm in length) arises from a circular

holdfast and then divides in 3 thicken

branches, which blend shortly into the fan.

No strong midribs cross the fan. The
branches, in cross section, are squarish and

uniform (0.5-0.8 mm in thickness). They
repeatedly branch to form a fine network,

mostly of square and polygonal meshes (1-

2.5 mm). Terminal free-branchlets are very

short, 0.5 to 3 mm long. Calyces are low

pointed mounds, arranged in two alternat-

ing rows evenly around the branches, and

in rows of pairs at the thicker branches and

the meshwork (Fig. 4B). The diameter of

the calyx ranges from 0.32-0.37 mm. Coe-

nenchymal sclerites are red, yellow or col-

orless, and some are bi-colored. They are

long, slender spindles (0.09-0.13 by 0.03-

0.04 mm) with acute ends and 4 or 6 whorls

of warty tubercles, and warty ends (Fig.

14A), blunt spindles (0.06-0.09 by 0.03-

0.04 mm), (Fig. 14B), capstans (0.03-0.06

by 0.02-0.03 mm) (Fig. 14C), and rods

(0.04-0.06 by 0.02-0.03 mm) with smooth

tubercles (Fig. 14D). Anthocodial sclerites

are yellow or light orange flat rods (0.06-

0.10 by 0.01-0.03 mm), with borders scal-

loped or serrated and small thorny warts

(Fig. 14E).

Variability.—The color of the specimens

vary from golden yellow to deep purple.

Some specimens could have one or two

small fans radiating perpendicular to the

main fan. The largest specimens found

reach 210 by 210 mm in size.

Remarks.—Verrill (1868c) included in

the Leptogorgia adamsii synonyms list the

species Rhipidogorgia ventalina Duchassa-

ing & Michelotti, 1864. He pointed out that

it is different from Gorgonia ventalina Lin-

naeus, Esper or Pallas. Although his obser-

vation was correct, the species of Duchas-

saing & Michelotti (1864) is also different

from P. adamsii, which has a very close

knitted meshwork, and more prominent ca-

lyces, unlike the species described by those

authors. Additionally, Hickson (1928) re-

marked that R. ventalina did not agree with

Leptogorgia adamsii of Verrill ( 1 868c) be-

cause its color can not be described as

"d'un beau rouge", and also wrote that R.

ventalina might be Gorgonia agassiza.

However, from the illustration of R. vental-

ina provided by Duchassaing & Michelotti

(1864:20, PI. 4, Fig. 3) and the fact that to

date the only Pacifigorgia found in the At-

lantic is P. elegans, it is clear that it is nei-

ther adamsii nor agassizH- Consequently, it
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Fig. 8. A-B. Photomicrographs of sclerites of Pacifigorgia doiiglasii (BM 196 1. 2.6. 161, 162). 1. Blunt

spindle. 2. Spindle with acute ends. 3. Capstan. 4. Rod with flat tubercles. 5. Anthocodial rod.

is not included as a synonym of P. adamsii meshwork of P. cribrum and P. rutila are

anymore. the finest, 0.25-2 mm diameter; in P. Irene

Pacifigorgia adamsii, P. agassizii, P. cri- it is 1.5—2 mm; in P. adamsii around 2.5

brum, P. rutila and P. irene are the only mm; and in P. agassizii up to 2.8 mm (Ta-

species of the genus which develop fans ble 1). Pacifigorgia adamsii, P. rutila and

with a very close knitted meshwork. The P. cribrum do not have strong midribs
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Fig. 9. A-B. Pacifigorgia eximia (YPM 1550a). C-D. Pacifigorgia gracilis (YPM 8745). E-F. Pacifigorgici

irene (USNM 33611). G-H. Pacifigorgia media (YPM 955). A, C, E, G. Entire colonies. B, D, E H. Detail of

the branches.
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crossing the fans, as in P. Irene and P.

agassizii. Pacifigorgia adamsii has more

prominent calyces than P. cribrum and P.

rutila and has a purple or gold yellow color,

not the characteristic burnt orange of P. ru-

tila or the reddish brown of P. cribrum (Ta-

ble 1). The anthocodial rods vary in these

species; those of P. Irene are shorter (up to

0.09 mm) and flatter than the ones in P.

adamsii (up to 0.10 mm) and are also col-

orless. In P. agassizii, the anthocodial rods

are yellow and smaller (up to 0.085 mm)
than the ones in the other two species. In

P. rutila they are the largest (up to 0.12

mm) (Table 1). The coenenchymal sclerites

are red, yellow and bi-colored in P. adam-

sii, P. cribrum, and P. agassizii, red and

pale yellow in P. Irene, and pink or light

orange in P. rutila (Table 1). They are

mostly spindles with acute ends in P. adam-

sii and P. Irene, but mostly blunt spindles

in P. agassizii, P. rutila and P. cribrum.

Hickson (1928) studied two specimens

he identified as P. adamsii from Panama,

one from Balboa and the other from Tabo-

ga. He pointed out some differences, did

not consider them different species. From
his descriptions, it is possible to tell that

those specimens, although fragments, fit

better P. Irene than P. adamsii. Verrill's

(1868c) and Hickson's (1928) illustrations

and descriptions are not sufficient to rec-

ognize P. adamsii since only one kind of

sclerite is described, and the anthocodial

rods were not taken into account.

Distribution.—Acapulco, Mazatlan,

Mexico; Corinto, Nicaragua; Puntarenas,

Costa Rica; Pearl Islands, Panama; Zorritos,

Peru (Verrill 1868c); Balboa, Taboga, Pan-

ama; Samara Bay and Cailo Island, Costa

Rica (pers. obs.) (Table 2).

Pacifigorgia agassizii (Verrill, 1864),

new combination

Figs. 4C-D, 5B, 15A-F

Rhipidogorgia agassizii Verrill, 1864:32-

33 (partial).

Rhipidogorgia media Verrill, 1864:33 (par-

tial).

Gorgonia (Rhipidogorgia) agassizii Verrill,

1866:327 (partial).

Gorgonia (Rhipidogorgia) media Verrill,

1866:327 (partial).

Litigorgia agassizii Verrill, 1868a:414.

—

Verrill, 1868c:388.

Leptogorgia agassizii Verrill, 1868c:388-

389, PI. 5, Fig. 4.—Verrill, 1869b:421.—

Verrill, 1870:548-549.

Gorgonia agassizii.—Bielschowsky, 1918:

38.—Kukenthal, 1919:773.—Kukenthal,

1924: 339.—Hickson, 1928:379.—Biel-

schowsky, 1929:146.

(l)Gorgonia agassizii.—Hickson, 1928:

379-380.

not Pacifigorgia agassizii-—Prahl et al.,

1986:15-16, Fig. 2.

Material examined.—MCZ 4035 a, b,

dry specimen, 350 by 280 mm, Acapulco?,

Mexico, no more data; YPM 956 a, b, MCZ
4014, MCZ 36265, Cape San Lucas, Mex-
ico; MCZ 4015, Mazatlan, Mexico; YPM
4064a, b, YPM 4053 a, b; YPM 4062 c,

USNM 49369, USNM 1677, La Paz, Baja

California; USNM 79433, Los Arcos, Mex-
ico; USNM 34067, no data; USNM 57901,

57902, Socorro Island, Mexico; CASIZ
0480B, 100842, 100844, 1009840, 100838,

Los Frailes Bay, Baja California, CASIZ
104126, Socorro Island, CASIZ 097728,

CASIZ 097906, Clarion Island, Revillagi-

gedo Islands, CASIZ 096908, 096909,

096897, 096911, 096912, 097777, 097775,

Cape San Lucas, CASIZ 096906, 0969813,

103217, Cerralvo Island, Baja California,

CASIZ 73816, Baja California, Mexico.

Preliminary remarks.—Verrill described

Rhipidogorgia agassizii in 1864, from a

mixture of specimens from Acapulco, Mex-
ico collected by A. Agassiz and D. B. Van-

brunt, and from Panama collected by J. H.

Sternberg. The material from Panama
(MCZ 4031) was identified later by Verrill

(1868c) as Leptogorgia adamsii (see

above), but it is not possible to be certain

about the other specimens. Two large spec-
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Fig. 10. A-D. Photomicrographs of sclerites. A. Pacifigorgia eximia (YPM 1550a). B. Pacifigorgia gracilis

(YPM 8745). C. Pacifigorgia irene (USNM 33611). D. Pacifigorgia media (YPM 955).

imens up to 40 cm high by 40 cm wide,

MCZ 4035a and 4035b are without original

labels. E. Deichmann identified them as

Rhipidogorgia agassizU, who attached a red

tape with her handwriting "type", but nei-

ther locality nor a collector was recorded.

These specimens were put together with

MCZ 4035, the holotype of Rhipidogorgia

media Verrill, that has an original label

"Acapulco", collected by Agassiz. Verrill

properly defined Leptogorgia agassizii in

1868b and 1868c with specimens from Ac-

apulco, Cape San Lucas, and La Paz. The
status of the two large colonies remains un-

certain, although the suspect arises they

could be the syntypes. The specimen YPM
956a (from La Paz) is doubtless conspecific

with them and fits closely Verrill's 1868b

description; Verrill had added a label

"type", but it cannot be the type of the spe-

cies that he described in 1864 on material

from Acapulco. The specimen YPM 956a

from La Paz, illustrated here, and the ones

of MCZ 4035 are doubtless Verrill's au-

thentic material.

Description.—Colonies large, deep or-

ange, with yellow intermingled, wider than

high, with single or complex fans up to 400

mm long and 400 mm wide. Rounded
branches, 1-1.2 mm in cross section. Finely

and evenly reticulated as a network of

square, oblong or round meshes, up to 2.8

mm in diameter. Stem very short, several

flat and strong midribs are present. End-

branchlets very short, 1-3 mm long with

expanded tips. The calyces are distinct yel-

low, slightly raised mounds with oval open-

ings. They are closely arranged, mostly in

pairs along the edges of the branches, very

crowded, producing a warty surface. They

are scattered and more distant at the midribs

and the thicker branches. Coenenchymal

sclerites are deep red, bright yellow, col-

orless, and a few bi-colored, mostly blunt

and thick. The longest sclerites are thick

spindles (0.09-0.1 1 by 0.04-0.05 mm) with

acute ends and 2 whorls of warty tubercles,

and with the ends ornamented with many
small warts (Fig. 15A). The other spindles

are shorter: blunt ones (0.07-0.10 by 0.04-

0.05 mm) with 2 complete whorls of warty

tubercles and incomplete spirals of warts at
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Fig. 11. A-B. Pacifigorgia pulchra (YPM 4058b). C-D. Pacifigorgia rutila (YPM 2266). E-E Pacifigorgia

stenobrochis (MNHN OCXS.2000.03). A, C, E, G. Entire colonies. B, D, F, H. Detail of the branches.

the ends (Fig. 15B). The capstans vary in

size and ornamentation (0.04-0.07 by 0.02-

0.04 mm) (Fig. 15C), the rods (0.04-0.08

by 0.02-0.04 mm) have flat tubercles (Fig.

15D). There are conspicuous modified cap-

stans with complex tuberculate ends (Fig.

15E). Anthocodial rods are yellow (0.05-

0.09 by 0.02-03 mm) with scalloped or ser-

rated borders, and small rods with thorny

warts (Fig. 15F).

Variability.—The colonies of Pacifigor-

gia agassizii can be composed of numerous
and more or less united fans, forming com-

plex large rosettes. Some colonies are com-
posed by five to ten small fans; which are

joined together by the midribs, just at the

base. In small specimens the midribs are

more rounded and can be traced up to one

fourth of the colony, while in the large

ones, they are flatter and thicker and cross

the fans extending, in some cases, up to the

borders. Longitudinal yellow and intense

red grooves appear on the thick midribs of

some colonies. The colonies can be of a

deep yellow color (USNM 57901, 57902).

Remarks.—The studied specimens agree
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closely Verrill's description; even though,

the size of the acute-ended and blunt spin-

dles given by Verrill (1868a) is somewhat
different. This species has been confused

with P. adamsii, P. cribrum and P. rutila.

In fact, the specimen MZC 403 1 , from Pan-

ama identified with both names, Rhipido-

gorgia agassizii and Litigorgia adamsii is

P. adamsii, and the fragment MCZ 7010

from Mexico (labeled R. agassizii) is prob-

ably P. rutila, not P. agassizii, and the

specimen USNM 79433 identified as P. cri-

brum. is P. agassizii- Differences between

these species, and P. agassizii were dis-

cussed above. Hickson's description of G.

agassizii is not clear, so it is difficult to

know which species he described, but any-

way, the kind of sclerite he illustrated

(Hickson 1928) is not typical of Verrill's

species. Colonies from Bahia Malaga, Co-

lombia identified as P. agassizii by Prahl et

al. (1986) do not match this species.

Distribution.—Cape San Lucas, La Paz,

Baja California, Mazatlan Acapulco, Los

Arcos, Socorro Island, Mexico; Rey Island,

Panama (Verrill 1868c) (Table 2).

Pacifigorgia arenata (Valenciennes, 1846),

new combination

Figs. 4E, F, 5C, 16A-F

Gorgonia arenata Valenciennes, 1846: PI.

12 Figs. 1, la. Pis. 13, 14.—Kukenthal,
1919:774 ("nomen dubium").—Kiiken-

thal, 1924:340.—Bielschowsky, 1929:

157.

Rhipidigorgia (misspelled) arenata.—Va-

lenciennes, 1855:13.—Milne Edwards &
Haime, 1857:176.

Leptogorgia arenata.—Verrill, 1869b:422.

Material examined.—Holotype.—MNHN
dry specimen, 90 by 195 mm. New Zealand,

no depth given, 1839, collector. Voyage de

la Venus, Capitaine Du Petit-Thouars.

Preliminary remarks.—Valenciennes

(1846) illustrated three species of Pacifigor-

gia collected in the Voyage de la Venus

(1836-1839), told to be from New Zealand:

P. arenata, P. cribrum, and P. stenobrochis.

The reported locality was probably a mistake

(Verrill 1868c). Following the cruise track of

the Venus (H. Zibrowius, pers. comm.
2000), it is very likely that this material was
collected either from Acapulco or Mazatlan,

on the vessel's route in the American Pacific,

and not New Zealand. There are no shallow

waters gorgonians in New Zealand and the

waters are very cold (P. Alderslade, pers.

comm. 2001). Apart from the beautiful il-

lustrations of these species in Valenciennes'

(1846) publication, there is no description of

any of them. The holotype in the MNHN is

the only specimen known so far; its char-

acters are sufficiently distinctive to keep it

apart of all other species.

Description of the holotype.—The colo-

ny is wider than high, 95 mm long 149 mm
wide; it is reddish with yellow calyces. It

has two long branches. Strong midribs are

absent, only one thick branch extends a

short way into the fan (2-4 mm diameter).

The branches are rounded in cross section

(1-2.5 mm); they anastomose to form an

open network of square and polygonal (1-

22 by 1—4 mm) and some round (1 mm
diameter) meshes (Fig. A, B). End-branch-

lets from 1-10 mm in length with wide tips.

Free twigs from 1—5 mm long. The calyces

are not prominent. They are not very

crowded and are arranged in two longitu-

dinal rows on both sides of the branches.

Coenenchymal sclerites are red and yellow

and a few bicolor. They are wide spindles

(0.09-0.10 by 0.04-0.05 mm), some with

acute warty ends (Fig. 16A), wide blunt

spindles (0.07-0.08 by 0.03-0.04 mm) with

2—4 whorls of tubercles or separate warts

(Fig. 16B); pointed rods (0.06-0.08 by

0.02-0.03 mm) with flat tubercles (Fig.

16C); capstans (0.05-0.07 by 0.02-0.04

mm) with complete whorls of globose tu-

bercles or with separate warty ones (Fig.

16D), and some four-radiates, like tuber-

culate crosses (0.05-0.06 by 0.05-0.06

mm) (Fig. 16E). Anthocodial sclerites aie

pale yellow flat rods (0.05-0.10 by 0.01-

0.02 mm), with scalloped, dented or lobed

borders (Fig. 16F).
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Fig. 12. A-D. Photomicrographs of sclerites. A. Pacifigorgia pulchra (YPM 4058b). B. Pacifigorgia rutila

(YPM 2266). C. Pacifigorgia stenobrochis (MNHN OCT.S.2000.03).
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Remarks.—The only specimen found

was the holotype, which is different from

the other species. We decided to keep this

species separated until more specimens are

located for comparison.

Distribution.—Acapulco or Mazatlan,

not New Zealand as originally reported.

Pacifigorgia bayeri Breedy, 2001

Material examined.—Holotype.—UCR
922, wet specimen, 134 mm by 290 mm,
Caiio Island, Bajo Diablo, Costa Rica, 10-

12 m, coll. O. Breedy, 2000.

Paratypes.—\]CK 949; UCR 950; UCR
951, Carlo Island, Costa Rica.

Description, (details see Breedy 2001).

—

Colonies wider than high, up to 350 mm by

420 mm, of a characteristic deep yellow

color intermingled with dark purple. Single

and complex fans of thick network with

closed rounded and oblong meshes (around

2-5 mm in diameter), wide and strong hold-

fasts and no distinct midribs. Branches up

to 1.5 mm thick. Slightly raised calyces sur-

rounded by rings of yellow sclerites. They

are crowded and distributed mostly in pairs

around the branches. Red, and bright yel-

low coenenchymal sclerites: blunt spindles

(0.07-0.11 by 0.03-0.05 mm); few wide

spindles with acute ends (0.09-0.12 by

0.05-0.06 mm); various kinds of capstans

(0.03-0.1 by 0.02-0.06 mm): wide and con-

spicuous (0.08-0.1 by 0.05-0.06 mm); and

small, and abundant (0.03-0.04 by 0.02-

0.02 mm). Rods with flat tubercles (0.04-

0.08 by 0.02-0.05 mm). Yellow, or pink an-

thocodial rods (0.05-0.10 by 0.02-0.04

mm) with lobed or scalloped margins.

Remarks.—Some similarity to Pacifigor-

gia exilis (Verrill, 1870) and Pacifigorgia

tabogae (Hickson, 1928) was discussed

(Breedy 2001). Pacifigorgia bayeri has

only been found at the type locality.

Pacifigorgia cribrum (Valenciennes, 1846)

Figs. 4G-H, 5D, 17A-E

Gorgonia cribrum Valencienes, 1846: pi.

13 figs. 1-3.—Bielschowsky, 1918:38.—

Kukenthal, 1919:773.—Kukenthal, 1924:

340.—Bielschowsky, 1929:150.

Rhipidigorgia (misspelled) cribrum.—Va-

lenciennes, 1855:13.—Milne Edwards &
Haime, 1857:175.

Leptogorgia cribrum.—Verrill, 1869b:421.

Pacifigorgia cribrum (new combination).

—

Bayer & Macintyre, 2001:318 (mineral-

ogy).

Material examined.—Holotype.—USNM
49567 (fragment of the holotype), MNHN
dry specimen, 170 by 135 mm, "New Zea-

land", no depth given, 1839, collector. Voy-

age de la Venus, Capitaine Du Petit-

Thouars; MM. Quoy et Gaimard, 1829, cf.

etiquette "Rhipidigorgia cribrum Val."

Preliminary remarks.—Apart from the il-

lustrations of this species in Valenciennes'

(1846) publication, there is no description.

As mentioned above, the locality "New
Zealand" was obviously a mistake.

Description of the holotype.—The spec-

imen is a 170 by 135 mm higher than wide

colony, of a reddish brown color. It is com-

posed of two fans: a large one with a sec-

ondary fan sticking out perpendicular and

spreading parallel. Except for some short

thicker branches at the base of the fan, no

distinct midribs are present. Branches are

square in cross section, and slender

throughout (0.5-1.0 mm thick). They reg-

ularly anastomose to form a fine network of

tiny, mostly square (0.75-2.0 mm) meshes;

some of them are totally filled by coenen-

chyme, especially at the basal part of the

colony. The end-branchlets are quite small,

less than 1 mm long. Calyces are reddish,

rounded, and slightly raised, with asterisk-

like apertures. They are arranged closely all

around the branches (Fig. 4H). Coenenchy-

mal sclerites are red, yellow and bicolored.

They are long spindles (0.09-0.13 by 0.03-

0.04 mm) with 2-4 whorls of tubercles and

warty ends (Fig. 17A); blunt spindles

(0.08-0.09 by 0.03 mm) with warty tuber-

cles (Fig. 17B); capstans (0.03-0.07 by

0.02-0.04 mm) with smooth or warty tu-

bercles (Fig. 17C); small six-radiates (0.04-
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Fig. 13. Photomicrographs of sclerites oi Pacifigorgia tabogae (BM 1961.2.6.163). A. 1. Spindle with acute

ends. A. 2. Blunt spindle. A. 3. Four-radiate. A. 4. Capstan. B. 1. Anthocodial rod.

0.06 by 0.03-0.04 mm) (Fig. 17D), and

rods with flat tubercles (0.05-0.07 by 0.02-

0.03 mm) (Fig. 17E). Anthocodial sclerites

are long yellow rods (0.05-0.09 by 0.01

mm), with smooth or slightly lobed borders.

Remarks.—P. cribrum, P. rutila, P.

adamsii and P. agassizU are somewhat sim-

ilar and have been confused with one an-

other (e.g., MCZ 7010, identified as P.

agassizU, but re-examination proved it to

belong to P. rutila; USNM 34067, identi-

fied as P. cribrum, belongs to P. agassizU).

Differences between these species were dis-

cussed above. Bayer & Macintyre (2001)
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Fig. 14. Pacijigorgia adamsii (YPM 1173k); SEM micrographs of sclerites. A-D. Coenenchymal sclerites.

E. Anthocodial sclerites. A. Spindles with acute ends. B. Blunt spindles. C. Capstans. D. Rods with tubercles.

E. Rods.
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Fig. 15. Pacifigorgia agassizii (YPM 956a); SEM micrographs of sclerites. A-D. Coenenchymal sclerites.

E. Anthocodial sclerites. A. Spindles with acute ends. B. Blunt spindle. C. Capstans. D. Rods with tubercles. E.

Modified capstan. E Rods.
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made P. rutila synonym with P. cribrum,

but based on the morphological differences

found (Table 1), we decided to keep them

as separate species until new material of P.

cribrum is collected for comparison.

Distribution.—Acapulco or Mazatlan,

not New Zealand as originally reported.

Pacifigorgia darwinii (Hickson, 1928),

new combination

Figs. 6A, B, 7A, 18A-F

Gorgonia darwinii Hickson, 1928:390-

392, PI. 4, Fig. 5, PI. 6, Fig. 5, figure

26.—Stiasny, 1941:268-270, Figs. 2, 3.

Material examined.—Lectotype (here

designated).—BM 1930.6.17.10, wet spec-

imen, 95 by 149 mm, Tagus Cove, Albe-

marle, Galapagos Islands, no given depth,

1923-24, collector, C. Crossland, Scientific

Expedition Research Assoc. Pacific Cruise.

Other material.—MCZ 34317, Gardner

Isle, Galapagos Islands; 2 specimens (CAS-
IZ, no catalogue numbers), Fernandina Is-

land, Isabella Island; CASIZ 0971 17, CAS-
IZ 097035, CASIZ 097031 (2), CASIZ
097032 (2), Isabella Island; CASIZ 097039,

Fernandina Island; CASIZ 097019, San

Cristobal; CASIZ 105031, Galapagos Is-

lands, Ecuador.

Preliminary remarks.—Hickson based

the description of this species, apparently,

on several specimens preserved in alcohol,

and two dried specimens collected by C.

Crossland in Tagus Cove, Albemarle. Al-

though Hickson provided an illustration of

a fragment of a colony (1928: PI. 4, 5), it

is not possible to reconcile any portion of

the type colony with the drawing. He did

not designate a holotype and only one spec-

imen from his original series was found. In

order to establish the identity of this spe-

cies, we designated as the lectotype, the

well-preserved specimen BM 1930.6.17.10.

Diagnosis.—Fans up to 250 mm, flat,

dark purple, with yellow oval spots; open

and evenly reticulated branching. Colonies

composed by 2-3 parallel fans with short,

thick branches on them. Flattened branches

(1.5-3 mm). Network of polygonal, and ob-

long, sometimes round meshes (2—13 by 2-

3 mm). Very short stem, around 4 mm high,

and no distinct midribs. Blunt free-branch-

lets from 2-10 mm long. Flat, oval yellow

calyces mostly in two longitudinal rows

along each side of the branches, only on

one side of the colony, and in many rows

(4—5) on the thick branches. Coenenchymal
sclerites mostly purplish red, some yellow

and very few bi-colored; blunt spindles

(0.06-0.09 by 0.03-0.05 mm) and spindles

(0.08-0.10 by 0.03-0.04 mm) with acute

ends. Anthocodial sclerites flat, pale yellow

rods (0.05-0.10 by 0.01-0.02 mm), with

scalloped or lobed borders.

Description of the lectotype.—The colo-

ny is a wider than high fan, 95 mm long

149 mm wide; wet preserved it is dark pur-

ple with bright yellow spots, when dried its

color fades. A very short stem, 4 mm long

and 2 mm thick, arises from the small hold-

fast. Strong midribs are absent, only one

thick branch extends a short way into the

fan. Branches are relatively thick and flat-

tened (1-2.5 mm); they anastomose to form

an open network of polygonal (2-5 by 2-3

mm), oblong (5-13 by 2 mm) and some
round (1 mm diameter) meshes. Blunt free-

branchlets range from 1-6 mm in length.

The colony is composed of an erect fan

with a small perpendicular secondary fan,

which is partially anastomosed to the main

one, leaving some large spaces into which

free twigs are projecting. Polyps are white

with a thin, pale yellow ring of mostly lon-

gitudinally arranged rods below the base of

the tentacles. The calyces are oval and al-

most flat, appearing as yellow spots with

bilabiate slit-shaped apertures. They are not

very crowded and are aixanged in two lon-

gitudinal rows on both sides of the branches

or four rows on some branches, separated

by wide lines of coenenchyme. Coenenchy-

mal sclerites are mainly purplish red, but

some are yellow and a few bi-colored. They

are oblong spindles (0.08-0.10 by 0.03-

0.04 mm), some with a short acute end (Fig.

18A), wide blunt spindles (0.06-0.09 by
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Fig. 16. Pacifigorgia arenata (MNHN); SEM micrographs of sclerites. A—E. Coenenchymal sclerites. F.

Anthocodial sclerites. A. Spindles with acute ends. B. Blunt spindles. C. Pointed rod. D. Capstans. E. Four-

radiate. F. Rods.
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Fig. 17. Pacifigorgia cribrum (MNHN); SEM-micrographs of the sclerites. A-D. Coenenchymal sclerites.

A. Spindles with acute ends. B. Blunt spindles. C. Capstans. D. Six-radiates. E. Rods with flat tubercles.

0.03-0.05 mm) with 2-4 whorls of warty

tubercles (Fig. 18B); capstans (0.06-0.07

by 0.03-0.04 mm); some four-radiates, like

crosses (0.03-0.04 by 0.02-0.03 mm) (Fig.

18D); and pink rods (0.05-0.07 by 0.02-

0.04 mm) with short projections (Fig. 18E).

Anthocodial sclerites are pale yellow flat

rods (0.05-0.10 by 0.01-0.02 mm), with

scalloped or lobed borders and small, wide-

ly dispersed warts (Fig. 18F).
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Fig. 18. Pacifigorgia darwinii (BM 1930.6.17.10); SEM micrographs of sclerites. A—E. Coenenchymal scler-

ites. F. Anthocodial sclerites. A. Spindles. B. Blunt spindles. C. Capstans. D. Four-radiate. E. Rods with short

tubecles. F. Rods.
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Fig 19. Pacifigorgia elegans (YPM 4554); SEM micrographs of sclerites. A-E. Coenenchymal sclerites. E

Anthocodial sclerites. A. Spindles with acute ends. B. Blunt spindles. C. Capstans. D. Rods with flat tubercles.

E. Four-radiates. E Flat rods. G. Spindly capstan.
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Remarks.—The lectotype fits closely the

characteristics of the species as described by

Hickson (1928) and Stiasny (1941). Stiasny

(1941) only studied a small fragment of one

of the type specimens sent to him by Hick-

son. He described and illustrated the scler-

ites, except the spindles with short acute

ends, described by Hickson, which he could

not find. Hickson illustrated just two kinds

of sclerites, and even though his drawings

are not detailed, both kinds of sclerites can

be recognized in P. darwinii, however, Hick-

son reported that the pointed spindles are

only present in the variety douglasii. Hick-

son remarked that Gorgonia darwinii closely

resembled his G. tabogae in color and form.

However, he kept them apart for three rea-

sons. First, the geographic separation: the

first one was found in Galapagos and the

other in Panama. Second, the coenenchymal

sclerites of G. tabogae are longer and thicker

than the ones of G. darwinii. And third, the

ring of anthocodial rods below the tentacles

of G. tabogae is broad and pink and the one

in G. darwinii is narrow and pale yellow.

Stiasny (1941) did not consider these rea-

sons valid to separate species and concluded

that they were the same. While no type col-

onies of G. tabogae could be found, we were

able to study a microscope slide of sclerites

from Hickson's personal collection (BM
1961.2.6.163) and found them to be very

different from the ones in P. darwinii. Al-

though Galapagos and Panama belong to the

same faunal region, the morphological fea-

tures of the sclerites, and the difference in

the ring of anthocodial rods are good char-

acters to separate these species.

Distribution.—Reported for Tagus Cove,

Albemarle, Galapagos Islands (Hickson

1928), Gardner Isle, Isabella Island (10 m
deep), Fernandina Island (25 m deep), and

San Cristobal Island, Galapagos Islands

(Table 2).

Pacifigorgia douglasii (Hickson, 1928),

new combination

Fig. 8 Al-5, B

Gorgonia darwinii var. douglasii Hickson,

1928:392-393, Fig. 27.

Material examined.—Lectotype (here

designated).—BM 1961.2.6.161, 162, scler-

ite microscope slide only, off Onslow Is-

land, Galapagos Islands, 8 m in depth,

1923-24, collector. Major Douglas.

Preliminary remarks.—Hickson based

his description on two specimens collected

from Onslow Island by Major Douglas. The
colonies appear to be missing and what re-

main are two microscope slides of the scler-

ites from Hickson's personal collection,

which are designated here as the lectotype

in order to ensure the identity of this spe-

cies.

Description.—Hickson (1928), described

one specimen, 60 X 90 mm which agreed

with the characteristics of his Gorgonia

darwinii in the thickness of the branches

and differed from it in that the meshes were

longer and the anastomoses were not so

complete. The distribution of the polyps

was more definitely in four rows. The coe-

nenchyme was darker purple, and the ca-

lyces were white, not yellow. Coenenchy-

mal sclerites were slender pointed spindles

0.13-0.14 mm, which varied in color; some
yellow; some orange red; and some pur-

plish red. He described a broad "collar" of

pale yellow sclerites around the polyps.

Hickson's other specimen was a smaller

colony, 40 mm in height.

Description of the lectotype-sclerites.—
The coenenchymal sclerites are mostly red,

orange, pale yellow or colorless. They are

blunt spindles (0.08-0.10 by 0.03-0.04

mm) (Fig. 8.1); very distinct, long spindles

(0.10-0.14 by 0.03-0.04 mm) with acute

ends, and two or four whorls of tubercles

(Fig. 8.2); capstans (0.06-0.08 by 0.02-

0.04 mm) (Fig. 8.3); and pink rods (0.06-

0.09 by 0.02-0.03 mm) with acute or blunt

ends and flat projections (Fig. 8.4). Antho-

codial rods are flat, pale yellow (up to

0.09-0.14 by 0.01-0.02 mm), with smooth,

scalloped or short lobed-borders (Fig. 8.5).

Remarks.—We could only study the

sclerites of the lectotype from Hickson's

personal slide collection (BM 1961.2.6.161,

162, labeled "schizotype") because the col-
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Fig. 20. Pacifigorgia engelmanni (YPM 388); SEM micrographs of sclerites. A-D. Coenenchymal sclerites.

A. Elongated capstans. B-C. Capstans. D. Rods with flat tubercles.

onies Hickson used for his 1928 publication

appear to be missing. Hickson's description

of the sclerites is very incomplete, but for-

tunately we were able to find the spindles

with acute ends that corresponds in size and

shape with Hickson's "slender pointed

spindles". Hickson described Gorgonia
darwinii var. douglasii as being different

from G. darwinii "in many minor particu-

lars". However, he pointed out details that

we do not consider "minor", such as longer

meshes, incomplete anastomosis, different

polyp distribution, white calyces and also

different sclerites. The analysis of the scler-

ites on the microscope slides shows impor-

tant differences between this species and P.

darwinii, and also with P. tabogae as Hick-

son pointed out. Even though Hickson gave

no illustration of the colonies his descrip-

tion and the microscope preparations reveal

enough details to indicate that P. douglasii

is a valid species.
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Distribution.—Only reported for Onslow
Island, Galapagos Islands, collected from a

fishing line at a depth of 8 m.

Pacifigorgia elegans

(Milne Edwards & Haime, 1857)

Figs. 6C, D, 7B, 19A-G

Rhipidogorgia elegans Milne Edwards &
Haime, 1857:177.—Duchassaing &
Michelotti, 1864:20, PI. 4, Fig. 4.—Stias-

ny, 1951:70, PI. 20, Fig. A.

Gorgonia hartti Verrill, 1912:391, PI. 29,

Fig. 6-6a, PI. 30 Fig. 2, PI. 33 Fig. 6.

Gorgonia crevauxi Stiasny, 1951:72, PI. 22,

Figs. 4-5, PI. 20, Fig. C.

Pacifigorgia elegans.—Bayer, 1959:19,

Fig. 5.—Bayer, 1961:213, Fig. 65.

Material examined.—YPM 4554, YPM
4553a, b, Maranhao, Brasil (syntypes of

Gorgonia hartti).

Other material.—MCZ 36186, 36187,

36188, 36192, 36194, 36195, Magueripe

Bay, Trinidad; USNM 58080, Isla Marga-

rita, Venezuela; 5 specimens (no catalogue

number), Playa Pedro Gonzalez, Isla Mar-

garita, Venezuela.

Preliminary remarks.—According to

Bayer (1961), specimens from Toco, Trini-

dad, collected by Deichmann agree in form

and sclerite content with the studied types

from Maranhao, Brazil, classified as Gor-

gonia hartti by Verrill (1912); with Rhipi-

dogorgia elegans sensu Duchassaing &
Michelotti, 1864 and with a syntype of

Gorgonia crevauxi Stiasny, studied by him.

The scaphoids mentioned by Verrill (1912)

were not present in the studied types, in fact

the genus Pacifigorgia lacks that kind of

sclerite; the scaphoids were obviously pre-

sent in the samples as a result of contami-

nation as Bayer (1961) pointed out. The
original specimens used by Milne Edwards
& Haime (1857) cannot be found. All evi-

dence consistently points to the fact that

there is only a single species of Pacifigor-

gia that occurs in the Atlantic for which the

earliest name is P. elegans (Bayer 1961).

So we feel justified in basing our descrip-

tion of the species on Verrill's specimens

originally identified as Gorgonia hartii, and

also on the other material we analyzed.

Description.—Slender, bright reddish

purple fans up to 210 by 345 mm; open and

evenly reticulate branching. One or several

secondary fans. Thin, flat, branches (0.05-

1.50 mm). Network of small, polygonal,

squarish and oblong meshes from 3-7 by

2-6 mm. Stem very short, around 3 mm
high. No distinct midribs, but in some col-

onies a thick short branch can be traced for

a short distance into the fan (YPM 4553a).

End-branchlets up to 10 mm long. Some
short free twigs 2-4 mm long, project into

large meshes. Small and slightly raised,

round calyces, with a very small slit-like

aperture. They are very crowded and ar-

ranged alternately in two close rows on

each side of the branches. Coenenchymal

sclerites are purplish red and yellow. They

are spindles (0.08-0.12 by 0.03-0.04 mm)
with acute ends, straight or little curved

(Fig. 19A), blunt spindles (0.06-0.1 by

0.03-0.04 mm) (Fig. 19B); capstans (0.04-

0.08 by 0.03-0.04 mm) of various kinds,

with terminal tufts at both ends or just at

one end and the other with wide tubercles

(Fig. 19C); rods with flat tubercles (Fig.

16D); and four-radiate sclerites with warty

ends (Fig. 19E). The anthocodial sclerites

are slender, flat, pale yellow rods (0.06-

0.08 by 0.01-0.02 mm) with serrated mar-

gins (Fig. 19F), and conspicuous, small,

spindly capstans (0.04 by 0.02 mm) (Fig.

19G).

Variability.—The specimens from Trini-

dad are all composed by many secondary

fans which sprout from a common thicker

branch, they are all small colonies, up to 95

mm long by 100 mm wide. The colonies

from Venezuela are of a purple color and

are larger, reaching the size of the types.

Distribution.—From Toco, Trinidad and

Tobago to Maranhao, Brazil (Bayer 1961).

Specimens from Surinam were found 30 m
deep.
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Pacifigorgia englemanni (Horn, 1860),

new combination

Figs. 6E, F, 7C, 20A-D

Rhipidogorgia englemanni Horn, 1860:233.

{l)Litigorgia stenobrochis var. engletnan-

«/.—Verrill, 1868b.

{l)Leptogorgia stenobrochis var. engleman-

ni.—V&rnW, 1868c:394.

Gorgonia stenobrochis englemanni.—Kii-

kenthal, 1919:773.—Kiikenthal, 1924:

342.

Material examined.—Holotype.—YPM
388, Sinaloa, Mazatlan, Mexico; dry frag-

ment, 15 by 17 mm, no given depth, before

1864, collector, Englemann.

Other material.—YPM 2265, Guerrero,

Acapulco, Mexico; MCZ 4042 (12), Aca-

pulco, Mexico; USNM 12585, 12582, Mex-
ico; USNM 92061, 9203, Nayarit, Mexico;

USNM 92062, Sinaloa, Mexico; USNM
1679, 8847, 43013, Baja California; USNM
18980, Pacific coast, probably southern

California.

Preliminary remarks.—The specimen

used by Horn (1860) to describe this spe-

cies was a large, higher than wide colony,

228 by 152 mm in size. All that seems to

have remained is a small fragment, (YPM
388) 15 by 17 mm long, which was given

to Verrill by the Philadelphia Academy of

Sciences and deposited in the YPM.
Diagnosis.—Reddish ochre or burnt si-

enna colonies. Coarsely reticulated, without

midribs, and with one or two lateral sec-

ondary fans. Flat thick branches (1.5-3.5

mm), in some cases rounded. Network of

round, square (1-3 mm diameter) and some
elongate (8—15 by 1 mm) meshes. Numer-
ous small, low calyces distributed evenly

around the branches. Coenenchymal scler-

ites deep red and bright yellow, warty, wide

capstans (0.05-0.09 by 0.03-0.05 mm), and

few blunt spindles (0.07-0.08 by 0.03-0.04

mm). Small and few, orange anthocodial

rods.

Description of the holotype.—The only

remains of the holotype is a small reddish

ochre fragment, 15 by 17 mm long (Fig.

5D). The branches are flat and thick, 1.5-

3.5 mm in diameter. They anastomose to

produce a close and stout network of round

or elongated meshes. The coenenchyme is

thick and easily crushed. The calyces are

low and small with elliptical openings, very

crowded and densely packed all around the

branches. Coenenchymal sclerites are deep

red and bright yellow. They are elongated

capstans (0.07-0.08 by 0.03-0.04 mm) with

prominent tubercles at the ends (Fig. 20A);
wide, compact capstans (0.05-0.09 by
0.03-0.05 mm) with warty tubercles and a

short median space (Fig. 20B); wide cap-

stans (0.05-0.07 by 0.02-0.04 mm) with

warty tubercles (Fig. 20C); and small rods

(0.03-0.05 by 0.01-0.03 mm) with short tu-

bercles (Fig. 20D). Anthocodial sclerites

are very small orange rods.

Remarks.—The other specimens studied

were consistent with Horn's description.

Notwithstanding the absence of illustrations

of this species and that the holotype is a

small fragment, its similarity in sclerites

and morphology with other complete spec-

imens (non-types) (see other material), con-

vince us that P. englemanni is a valid spe-

cies. Verrill (1864) examined Horn's spec-

imen, and made Rhipidogorgia englemanni

a synonym of Rhipidogorgia stenobrochis

Valenciennes without any significant argu-

ment. He wrote that Horn's species was

founded on a small and bad specimen of R.

stenobrachis (Verrill 1864), but Horn de-

scribed a large specimen "height 9 inches,

width 6 inches" collected by Dr. Engle-

mann. Probably Verrill just studied the

small holotype fiagment deposited in the

YPM (given to him by the Philadelphia

Academy of Sciences) which, however,

shows clear differences with Pacifigorgia

stenobrochis. P. englemanni and P. sten-

obrochis have some morphologic similaii-

ties, e.g., color, thickness of the branches,

and the calyces, however, the sclerites and

the meshwork are very different: the latter

being much more oblong and rectangular in

P. stenobrochis. Venill (1868b) changed

englemanni from a synonym of stenobro-
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Fig. 21. Pacifigorgia exilis (YPM 4059a); SEM micrographs of sclerites. A-E. Coenenchymal sclerites. F.

Anthocodial sclerites. A. Blunt spindles. B. Spindles with acute ends. C. Dagger spindle. D. Capstans. E. Rods
with flat tubercles and warts. F. Flat rods.
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chis to a variety of stenobrochis based on

slight differences found in specimens from

Panama, but the only specimen in the YPM
collection (YPM 555b) from that locality is

not consistent with Verrill's description and

is completely different from Horn's holo-

type.

Distribution.—Acapulco, Guerrero, Sin-

aloa, Mazatlan, Nayarit Mexico, and Baja

California (Horn 1860, Verrill 1868c) (Ta-

ble 2).

Pacifigorgia exilis (Verrill, 1870),

new combination

Figs. 6G, H, 7D, 21A-F

Leptogorgia pulchra var. exilis Verrill,

1870:550-551 (partial).

Leptogorgia pulchra Verrill, 1870:549-550

(partial).

Gorgonia pulchra exilis.—Kiikenthal,

1919:773.—Kukenthal, 1924:340.—Biel-

schowsky, 1929:152.

Material examined.—Lectotype (here

designated).—YPM 4059a, La Paz, Baja

California Sur, Mexico, dry specimen, 110

by 245 mm; depth 11-15 m, 1867-70, col-

lector, J. Pedersen.

Paralectotype.—YPM 4059b, La Paz,

Baja California Sur, Mexico.

Other material—YVM 4058d, 4597,

4594, MCZ 4016, La Paz, Baja California;

USNM 49364, Punta Pajaro, Panama.

Preliminary remarks.—The type material

found in the YPM and the MCZ, come
from the same type-locality, same depth

and same collector and was identified by

Verrill. However, Verrill did not designate

a holotype and no illustration of the colony

or the sclerites was given. We designate the

specimen YPM 4059a as the lectotype of P.

exilis in order to ensure the name's proper

and consistent application in the future.

Though YPM 4059b now becomes a para-

lectotype of P. exilis, the specimen is ac-

tually identifiable with P. pulchra.

Diagnosis.—Colonies erect, wider than

high (up to 300 by 375 mm in size), fre-

quently oblong, lobular or semicircular.

with a few or more small accessory fans

radiating from the middle, upper part or the

base of the main fan and growing parallel.

The color is reddish orange mingled with

yellow and with several hues of them.

Branches rounded or slightly flattened 1.0—

2.5 mm in diameter. Close network of

square and oblong meshes around 0.5—3

mm wide, or meshes completely filled with

coenenchyme. Wide holdfast and no stem.

Several flat short midribs from 3-6 mm in

diameter. Free-branchlets quite short, up to

2 mm long. Calyces small, rounded and

slightly raised, very crowded (0.25-0.5 mm
diameter) in four close rows around the

branches. Coenenchymal sclerites deep red

and bright yellow, and some bi-colored.

Blunt spindles (0.07-0.09 by 0.03-0.04

mm); acute spindles (0.10-0.11 by 0.03-

0.05 mm); dagger spindles (0.08-0.10 by

0.03-0.04 mm); and capstans (0.05-0.07 by

0.03-0.04 mm). Yellow, oblong, anthoco-

dial rods (0.07-0.12 by 0.01-0.02 mm)
with smooth or spiny borders.

Description of the lectotype.—The colo-

ny is an erect, wider than high, reddish or-

ange, dry specimen, 110 mm long, 245 mm
wide, composed of a main lobed fan and

small accessory fan (Fig. 6A, B). The col-

ony rises directly from a strong holdfast,

and radiates into four short, flat midribs (3—

6 mm thick) extending irregularly along the

lateral borders of the colony, parallel to the

substratum. The branches are slightly flat-

tened (1.0-2.5 mm thick). They regularly

anastomose to form a network of close,

square and oblong meshes (0.5—3.0 mm di-

ameter), some of which are totally filled

with coenenchyme. The free-branchlets are

blunt and quite short (mostly less than 2

mm). The small secondary fan arises from

a branch projecting perpendicular to the

main fan that immediately bends upwards

forming another fan parallel to the main

fan. The calyces are small (0.25-0.50 mm
diameter), rounded and slightly raised with

bilabiate apertures. They are mostly ai-

ranged in four close rows around the

branches, very crowded, but more distant or
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Fig. 22. Pacifigorgia eximia (YPM 1550a); SEM micrographs of sclerites. A-D. Coenenchymal sclerites. E.

Anthocodial sclerites. A-B. Capstans. C. Long spindles with acute ends. D. Pointed rods with flat tubercles. E.

Flat rods.
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absent on the midribs. Distinct yellow and

orange longitudinal grooves extend along

the midribs. Coenenchymal sclerites are

deep red, bright yellow and some bi-col-

ored. They are blunt spindles (0.07-0.09 by

0.03-0.04 mm) (Fig. 21 A); spindles (0.10-

0.11 by 0.03-0.04 mm) with sharp or acute

warty ends (Fig. 2 IB); long dagger spindles

(0.085-0.01 by 0.038-0.04 mm) (Fig.

21C); capstans (0.04-0.07 by 0.03-0.04

mm) (Fig. 21D); and long rods (0.06-0.07

by 0.03-0.035) with tubercles and warty

tufts (Fig. 21E). Anthocodial sclerites are

yellow oblong rods (0.08-0.12 by 0.01-

0.02 mm), with smooth or spiny margins

(Fig. 2 IF).

Remarks.—Verrill (1870) described Lep-

togorgia pulchra var. exilis as a slender va-

riety of Leptogorgia pulchra, which he as-

signed as the typical form of the species.

Verrill's characterization of L. pulchra var.

exilis is confusing because he indicated that

the fan was "loosely reticulated, with larg-

er, squarish or oblong meshes", with the

meshes 5 to 6 mm wide by 6-18 mm high,

but no comparative lengths were given for

L. pulchra. Even though the size and shape

of the meshes are very subjective, defini-

tively P. exilis is thicker and has a closer

meshwork, than P. pulchra. It is also clear

that in P. exilis, the calyces are much less

prominent and smaller than in P. pulchra

and additionally, they are arranged differ-

ently. In P. pulchra, they are in two rows

around the branches, contrasting with the

four-row arrangement of P. exilis. Verrill

(1870) pointed out that very little variation

exists regarding the sclerite content among
these species. But after the examination of

Verrill's types, and other material, we found

that the anthocodial rods are consistently

orange, larger and wider in P. pulchra and

pale yellow and more slender in P. exilis,

and also that the spindles are longer in P.

exilis. According to Verrill (1870) one large

specimen in his collection showed charac-

teristics of both varieties, the specimen

YPM 4055 (marked "transition") showed

thicker branches and closer calyces at the

base of the colony. However, we studied

sclerites from different parts of the colony,

and found that they were always the same
kinds (see P. pulchra).

Distribution.—Gulf of California, Baja

California Sur, La Paz, Mexico (Verrill

1870), collected, between 1 1-15 m deep by

divers; and Punta Pajaro, Panama (Table 2).

Pacifigorgia eximia (Verrill, 1868c)

Figs. 9A-B, lOA, 22A-E

Litigorgia eximia Verrill, 1868b.—Verrill,

1869b:422.

Leptogorgia eximia Verrill, 1868c:390—

391, PI. 5, Fig. 20, PL 4, Fig. 2.—Verrill,

1869b:422.

Gorgonia eximia.—Bielschowsky, 1918:

39.—Kukenthal, 1919:773.—Kukenthal,

1924:341.—Not Hickson, 1928:386-

387.—Bielschowsky, 1929:146.—Not
Stiasny, 1943:74-76, Fig. 10.

(?)Pacifigorgia eximia.—Prahl et al., 1986:

14, Fig. 1.

Material examined.—Lectotype (here

designated).—YPM 1550a, dry specimen,

230 by 230 mm. Pearl Islands, Gulf of Pan-

ama, Panama, depth 11-15 m, 1866-67,

collector, EH. Bradley.

Paralectotypes.—YPM 1550b, c, YPM
8746; MCZ 4040, MCZ 4041, Pearl Is-

lands, Gulf of Panama, Panama.

Other material.—USNM 44214, 49381,

Golfo de Nicoya, Costa Rica; USNM
33613, 33612, 52320, Pearl Islands, Pana-

ma; MCZ, no catalogue number, Colombia;

UCR 926 Cano Island, Costa Rica.

Preliminary remarks.—Verrill did not

designate a holotype for P. eximia. In order

to establish the identity of this species, we
chose YPM 1550a as the lectotype. YPM
1550a is the best complete specimen found

in the type collection. YPM 8746 and

1550c are fragments and YPM 1550b is an

almost complete colony but broken at the

base. It was not possible to determine

which was the figured specimen.

Diagnosis.—Erect colonies, rounded,

deep red or light burnt orange up to 170-
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Fig. 23. Pacifigorgia gracilis (YPM 8745): SEM micrographs of sclerites. A-C. Coenenchymal sclerites.

D-E. Anthocodial sclerites. A. Long spindles with acute ends. B. Capstans. C. Rods with flat tubercles. D. Flat

rods. E. Spindly capstan.
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230 by 170-230 mm in size. Fan of a single

frond or with two or three secondary fans.

Open reticulated network of square and ob-

long meshes from 1-30 by 2-3 mm. Mesh-

work very irregular and incomplete in some
cases. Free twigs up to 20 mm long. No
distinct midribs present. Branches from 1.5

mm diameter at the tips to 5 mm at the

base. Smooth surface of slightly raised ca-

lyces, arranged evenly around the branches.

Coenenchymal sclerites mostly bright red

with a few light yellow. Long spindles

(0.10-0.15 by 0.04-0.06 mm) with acute

ends; blunt spindles (0.08-0.11 by 0.04-

0.05 mm); and capstans. Anthocodial scler-

ites Ught yellow rods (0.06-0.12 by 0.01-

0.03 mm) with scalloped or lobed margins

and few distant warts.

Description of the lectotype.—The spec-

imen is an erect, deep red, rounded, retic-

ulate colony, 230 mm long, 230 mm wide

and composed mostly of cylindrical, slen-

der branches arising from a circular holdfast

(30 mm diameter). The branches are uni-

form in size (around 1.5 mm in diameter),

except near the base where they are thicker

(3-5 mm in diameter). Some of the meshes

at the base of the colony are totally filled

by coenenchyme. There is a rather short

stem and no distinct midribs. The branches

anastomose to form an open network, with

meshes of irregular size and shape; squares

(1-2 mm) and short or oblong rectangles

(2-30 by 1-3 mm). Two branches project

perpendicular to the main fan and imme-
diately bend upwards and form two small

secondary fans parallel to the primary fan.

Other branches just bend freely to form

short twisted growths. Many free-twigs pro-

ject into the large meshes, they are so abun-

dant that the colony looses its reticular ap-

pearance; they are up to 22 mm long, but

most are short, 1-5 mm. The free-branch-

lets range from 5-30 mm long. The calyces

are small, rounded and slightly raised, and

are uniformly arranged around the branch-

es. The sclerites are predominantly bright

red with a few, light yellow, small capstans.

Coenenchymal sclerites are long spindles

(0.10-0.15 by 0.04-0.05 mm) with 2-4

whorls of tubercles and acute oblong ends

with many small warts (Fig. 22A); elongat-

ed capstans (0.06-0.07 by 0.03-0.04 mm)
(Fig. 22B); short capstans (0.04-0.05 by

0.03-0.04 mm) (Fig. 22C); and long point-

ed rods (0.07-0.08 by 0.03-0.035 mm)
(Fig. 22D). Anthocodial sclerites are slen-

der, Ught yellow rods (0.07-0.10 by 0.01-

0.02 mm) with scalloped margins, and oth-

ers (0.06-0.08 by 0.02-0.03 mm) with a

few distant warts and with lobed borders

(Fig. 22E).

Remarks.—The studied types match
both the description and the illustrations of

P. eximia of Verrill (1868b). Hickson

(1928), with some hesitation, identified

three specimens from San Jose Island and

two from Rey Island, Bay Panama as Gor-

gonia eximia. Later, Stiasny (1943) studied

a fragment from Rey Island and published

some illustrations of the sclerites. Even
though Stiasny's drawings are not detailed,

the descriptions of the sclerites of his spec-

imens are consistent with those of Hick-

son. We had the opportunity to study the

sclerites of Hickson's specimens from his

personal microscope slide collection, and

found spindles, 0.16-0.20 mm long, slight-

ly curved, with 8 to 12 warty whorls, that

are not present in Verrill's material. Con-

sequently, the species described by Stiasny

and Hickson was not P. eximia. This ma-

terial needs re-examination. Pacifigorgia

eximia was reported from Malaga Bay, Co-

lombia (Prahl et al. 1986), but some dif-

ferences in the size and shape of several

sclerites reported by them, make it difficult

to determine which species they were deal-

ing with.

Distribution.—Pearl Islands, Panama
(Verrill 1868a); collected between 11-15 m
deep by divers; Golfo de Nicoya (11—15

m), Cano Island, Costa Rica. 25 m deep,

and Colombia. Although Hickson (1928)

pointed out that the type specimens of P.

eximia came from La Paz, Nicaragua, there

are neither specimens nor data to verify this

(Table 2).
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Pacifigorgia gracilis (Kiikenthal, 1924)

Figs. 9C-D, lOB, 23A-E

Leptogorgia tenuis Verrill, 1870:551—552:

[not L. tenuis Verrill, 1863:8 = Lepto-

gorgia virgulata (Lamarck, 1815)].

Gorgonia tenuis.—Bielschowsky, 1918:

39.—Kiikenthal, 1919:773.—Hickson,
1928:384-386, figures 21, 25.—Biel-
schowsky, 1929:154.

Gorgonia gracilis.—Kiikenthal, 1924:341.

Material examined.—Holotype.—YPM
8745 (= identified by Verrill, 1870, as a

new species, Leptogorgia tenuis), dry spec-

imen, 83 by 44 mm, La Paz, Baja California

Sur, Mexico, depth 7-11 m, 1867-70, col-

lector, J. Pedersen.

Paratype.—YPM 4062, data as for the

holotype.

Preliminary remarks.—A collection of

specimens from the Bay of New York (At-

lantic Ocean), was described by Verrill

(1863) as Leptogorgia tenuis. He found the

specimens to be similar to L. virgulata (La-

mark, 1815), but decided that they belonged

to the new species. Later (Verrill 1870), he

used the same name {Leptogorgia tenuis)

for a new species from La Paz, Baja Cali-

fornia, and subsequently the name was
changed to Gorgonia tenuis (Bielschowsky,

1918). The material from the Bay of New
York was very different from L. tenuis. Be-

cause the new name L. tenuis was applied

to specimens later found to be L. virgulata,

the name was actually unavailable for Ver-

rill to be used for the new species from La
Paz. For this reason, Kiikenthal (1924) cre-

ated the new name Gorgonia gracilis, al-

though without explanation.

Verrill described the new species (L. ten-

uis) with one specimen from La Paz, Baja

California, collected by J. Pedersen and

pointed out that the specimen was found on
the base of a colony of Eugorgia nobilis

var. excelsa. We found two specimens from

the same -locality, same collector, identified

by Verrill, with one labeled type YPM
8745, and no label on the other, YPM 4062.

Even though no illustration was given, we

believe these were the specimens that Ver-

rill used for his proposed new species Lep-

togorgia tenuis.

Diagnosis.—Irregular delicate, deep red

colonies, with a loose and incomplete net-

work of asymmetric squarish and oblong

meshes from 10-20 by 2-7 mm wide. Long
free-twigs up to 10 mm in length, with bud-

like tips. No distinct midrib present.

Branches 0.5—0.7 mm in thickness. Long,

blunt free-branchlets from 3-10 mm. A
warty surface of prominent, relatively large

and distant calyces, in alternating rows

around the branches. Coenenchymal scler-

ites bright red or deep yellow, and some bi-

colored. Wide and stout spindles (0.09-0.14

by 0.03-0.05 mm) with long, acute ends.

Red and orange anthocodial rods (0.04-12

by 0.01-0.03 mm) with scalloped or blunt

lobed margins.

Description of the holotype.—The spec-

imen is a small, 83 by 44 mm, delicate,

ragged colony (Fig. 9C). It is uniformly

deep red, and forms an irregular fan com-
posed of slender branches round in cross

section, that are mostly uniform in size

(around 0.5-0.7 mm in thickness). Many
branches do not anastomose, so a very

loose network of irregular square or oblong

meshes (10-20 by 2—7 mm) is formed. The
numerous long free-twigs are up to 10 mm
long, and the long free-branchlets 10—15

mm in length; both with conspicuous bud-

like wide tips. Due to multiple free-branch-

ing, the colony looses its reticular appear-

ance. There are no midribs. The calyces are

prominent, relatively large cones (around

0.34 mm in diameter) arranged in two or

four alternating, irregular rows along the

branches, and grouped in two or four at the

tips (Fig. 7B). They are not crowded, but

produce a lumpy surface. Coenenchymal
sclerites are bright red and deep yellow, in

almost equal numbers, and some bi-colored.

They are spindles (0.09-0.14 by 0.03-0.06

mm) with 3-4 whorls of tubercles, a

marked waist, and long acute warty ends,

or they can be slender, with disperse warts

not arranged in defined whorls (Fig. 23A).
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Fig. 24. Pacifigorgia Irene (USNM 33611); SEM micrographs of sclerites. A-E. Coenenchymal sclerites.

F-G. Anthocodial sclerites. A. Long spindles with acute ends. B. Dagger spindle. C. Elongated capstans. D.

Capstans. E. Rods with short tubercles. F. Flat rods. G. Spindly capstans.
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There are also small capstans (0.04-0.05 by

0.02-0.03 mm) (Fig. 23B); and oblong rods

(0.07-0.08 by 0.03 mm) with short tuber-

cles and pointed ends (Fig. 23C). Antho-

codial sclerites are red and orange rods

(0.07-0.12 by 0.01-0.03 mm), slender, with

acute ends and short-lobed margins, broad-

er forms (0.06-0.12 by 0.02-0.03 mm) with

scalloped or blunt lobed borders (Fig. 23D),

and spindly capstans (around 0.045 by 0.03

mm) (Fig. 23E).

Distribution.—La Paz, Baja California

Sur, Mexico and San Jose Island, Panama
(Verrill 1870) (Table 2). The specimen de-

scribed by Verrill (1870) was found on the

base of a colony of Eugorgia nobilis var.

excelsa, from 7-11 m deep. Later, three

specimens from San Jose Island, Panama
were collected from 45 m deep and identi-

fied by Hickson (1928), but his identifica-

tion needs to be confirmed.

Pacifigorgia irene Bayer, 1951

Figs. 9E-F IOC, 24A-G

Litigorgia adamsii Verrill, 1868b (partial).

Leptogorgia adamsii Verrill, 1868c:391-

392, PI. 4, Fig. 4; PI. 5, Fig. 5 (partial).—

Verrill, 1869b:421 (partial).

{l)Gorgonia media.—Bielschowsky, 1918:

38.

Gorgonia adamsii—Kiikenthal, 1924:339

(partial).—Hickson, 1928:380-383, Fig.

22 (partial).

Gorgonia media.—Galtsoff, 1950:27.

Pacifigorgia irene Bayer, 1951:94—96.

Material examined.—Holotype.—USNM
49365, Punta Pajaron, Panama.

Paratype.—VSNM 33611, Gulf of Ni-

coya, Costa Rica.

Other material.—UCR 506, 935, 937,

Cano Island; UCR 493, 488, Dominical;

UCR 476, Punta Uvita; UCR 413, Punta

Mala; UCR 906, Murcielago Islands, UCR
938 (3 fragments) Samara Bay, Costa Rica.

Diagnosis.—Large, erect, broad colonies

(up to 800 mm long by 900 mm wide), rus-

ty purplish red with yellow ochre up to the

margins. Finely and regularly reticulate.

Slender branches (0.5-0.7 mm thick). Net-

work of small, squarish meshes, up to 2 mm
in diameter, crossed by several very stout,

flattened midribs up to the edge of the fan.

Very short end-branchlets (less than 1 mm).
Small, slightly raised and very crowded bi-

labiate calyces distributed evenly along the

outer edges of the branches, producing a

rough warty surface. Coenenchymal scler-

ites mostly red, some pale yellow and col-

orless. Long acute spindles (0.09-0.14 by

0.02-0.04 mm) (Fig. 24A); elongated, ir-

regular capstans (0.05-0.09 by 0.02-0.04

mm) (Fig. 24B); small capstans (0.04-0.06

by 0.02-0.03 mm) (Fig. 24C), and rods

with short and flat tubercles (0.04-0.06 by

0.015-0.02 mm) (Fig. 24D). Anthocodial

sclerites are flat rods with broadly scalloped

edges (0.06-0.09 by 0.01-0.02 mm) (Fig.

20E), and small spindly capstans (0.03-

0.04 by 0.018-0.02 mm) (Fig. 24F). The
anthocodial sclerites are usually colorless,

but a few may be pink (Fig. 24G).

Description of the holotype.—See Bayer

1951:94-96.

Remarks.—The differences between P.

irene and P. adamsii were analyzed by

Bayer (1951) and discussed under P.

adamsii above. The P. adamsii specimens

described by Kiikenthal (1924) and Hick-

son (1928), even though incomplete colo-

nies, fit P. irene better than P. adamsii.

Bielschowsky (1918), in her key to the

species of Gorgonia, separated a species

with strong midribs from two other species

(P. adamsii and P. rutila) and referred it

to Gorgonia media Verrill. This species

was identified as Gorgonia media Verrill

(sensu Bielschowsky 1918) in Galtsoff

(1950) and later described as P. irene by

Bayer (1951).

Distribution.—Punta Pajaron, Panama;

Gulf of Nicoya, Costa Rica (Bayer 1961).

This species is found from 15 to 33 m
deep, on rocky bottoms in Santa Elena

Peninsula, Samara Bay, Cano Island and

Osa Peninsula, Costa Rica (pers. obs.) (Ta-

ble 2).
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Fig. 25. Pacifigorgia media (MCZ 4035); SEM micrographs of sclerites. A-E. Coenenchymal sclerites. F.

Anthocodial sclerites. A. Spindles with acute ends. B. Blunt spindles. C. Capstans. D. Four-radiate. E. Eight-

radiate. F. Rods with flat tubercles.
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Pacifigorgia media (Verrill, 1864)

Figs. 9G, H, lOD, 25A-E

Rhipidogorgia media Verrill, 1864:33 (par-

tial).

Rhipidogorgia agassizii Verrill, 1864:32

(partial).

Gorgonia media Verrill, 1866:327.—Biel-

schowsky, 1918:38.—Kiikenthal, 1919:

773.—Kukenthal, 1924:338-339.—Biel-

schowsky, 1929:147.

Litigorgia media Verrill, 1868a.—Verrill,

1868b:389-390.—Verrill, 1869b:422.

Leptogorgia media.—Verrill, 1868c:389-

390.—Verrill, 1869b:422.

{l)Pacifigorgia media.—Prahl et al., 1986:

16, Fig. 3.

Pacifigorgia media.—Bayer & Macintyre,

2001:318 (minetalogy).

Material examined.—Lectotype (here

designated).—MCZ 4035 (185), dry, 150

by 60 mm, Acapulco, Mexico, no given

depth, collector, A. Agassiz.

Paralectotypes.—MCZ 4035c, Acapul-

co, Mexico.

Other material.—YPM 955, 956a, b,

4061, 4060a, c, USNM 1678 (2), 57905,

57907, 33728, Baja California Sur, Cape

San Lucas; CASIZ 097771, 097773, Baja

California Sur, Perion Las Animas, Mexico;

MCZ 4036 (7), Oaxaca coast, Mexico;

MCZ 36263a, b, Panama.

Preliminary remarks.—Verrill's origi-

nal description (1864) of Gorgonia media

was based on specimens from Acapulco

collected by A. Agassiz and D. B. Van-

brunt. No specimens collected by Van-

brunt were found having original labels or

identification. The only specimens found

collected by Agassiz from Acapulco were

two small colonies, under MCZ 4035 (185

original label). Three colonies were en-

tered in the MCZ catalog in 1862, labeled

as types and identified by Verrill. These

specimens fit Verrill's (1864) very brief

descriptions of both G. media, and also G.

agassizii, but the size of the meshes [in-

termediate between G. stenobrochis and

G. agassizii (Verrill 1864)] leads us to be-

lieve that the specimens well fit Lepto-

gorgia media, as corroborated by Verrill's

further description (1868b, c). Verrill

properly described this species in 1868b,

1868c, with specimens from Acapulco

and other localities, leaving out the spec-

imens collected by Vanbrunt. Even though

Verrill used the type series deposited in

the YPM from La Paz, Baja California,

collected by J. Xantus for his later de-

scription, the specimens MCZ 4035 are

the only ones that proved to belong to the

original series from Acapulco (1864).

MCZ 4035 was selected as the lectotype,

in order to ensure the proper use of this

name.

Diagnosis.—Colonies higher than wide,

red or brownish, mingled with yellow, up

to 385 by 310 mm in size, with a single or

several lobed fans. Flat stem less than 2.5

mm high, or totally reduced, very distinct

midribs in large colonies, from 4-14 mm in

diameter. Short, compressed, round branch-

es from 1.0-2.5 mm in diameter forming

an open network of mainly square and

rounded meshes (2-5 mm), some oblong up

to 15 by 1 mm. Free-branchlets 1-5 mm
long, and free twigs mostly less than 3 mm
in length. Small calyces, scarcely raised,

sometimes yellow, in 2—4 longitudinal rows

along the branch sides, and separated at the

thicker branches. Coenenchymal sclerites

deep red and yellow, some bicolored. Wide,

blunt spindles (0.07-0.10 by 0.04-0.05

mm), long, wide spindles (0.10-0.12 by
0.03-0.04 mm) with acute ends. Pale or-

ange, slender anthocodial rods (0.07—0. 1

1

by 0.01-0.03 mm), with smooth or short-

lobed margins.

Description of the lectotype.—The spec-

imen is a small 150 by 60 mm colony, red,

mingled with yellow and with yellow ca-

lyces. The holdfast is broken off, and the

colony is composed of two small fans, with

two short midribs (8-5 mm thick), subdi-

viding and diminishing in diameter close to

the periphery (Fig. 9G, H). A few calyces

and some thin longitudinal grooves can be

seen on the midribs. Branches are slightly
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Fig. 26. Pacifigorgia pulchia (YPM 4058b); SEM micrographs of sclerites. A-D. Coenenchymal sclerites.

E. Anthocodial sclerites. A. Long spindles with acute ends. B. Blunt spindles. C. Capstans. D. Rods with flat

tubercles. E. Flat rods.
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compressed, from 1-2.5 mm in diameter,

regularly anastomosing to form an open

network of mostly square (2-5 mm), cir-

cular (less than 1 mm diameter), and some
oblong (up to 15 by 1.5 mm long) meshes.

Some isolated meshes are filled in with coe-

nenchyme, some others are small and

rounded, and look like small holes along

the midribs. The free-branchlets are short,

usually less than 5 mm long, but can reach

8 mm. The calyces are rather small, low

mounds with oval, yellow, bilabiate open-

ings (around 0.12—0.20 mm in diameter),

arranged in two or four longitudinal rows

along each side of the branches, separated

by bands of coenenchyme, and more distant

or absent on the midribs. Coenenchymal

sclerites are deep red, bright yellow, and

some bi-colored. They are spindles (0.10-

0.13 by 0.04-0.05 mm) with long acute

warty ends (sometimes bent), and with 2

complete whorls of tubercles (Fig. 25A);

wide blunt spindles of 4 whorls (0.08-0.10

by 0.04-0.05 mm) with warty tubercles and

long warty ends (Fig. 25B); capstans (0.05-

0.07 by 0.03-0.04 mm) broad and warty

(Fig. 25C); some warty four-radiates

(around 0.07 by 0.05 mm) (Fig. 25D); con-

spicuous eight-radiates (around 0.08 by

0.05 mm) (Fig. 25E); and rods (0.04-0.05

by 0.02-0.03 mm) with flat tubercles and

blunt ends (Fig. 25F). No anthocodial scler-

ites could be seen in the sample.

Variability.—Large colonies can be com-
posed of many secondary fans, up to 7,

which radiate from the thick midribs. In the

small specimens, there are several thicker

branches radiating from a minute stem, but

they are not as distinct as the midribs in the

big colonies. They have thick holdfasts with

numerous, thin longitudinal grooves of al-

ternating red and yellow sclerites, produc-

ing sinuous figures in some places. There

are also very few calyces. The calyces in

the majority of colonies are less prominent

and the yellow rings are more blended than

in the lectotype.

Remarks.—The specimens described by

Prahl et al. (1986) for Gorgona Island, Co-

lombia, have larger sclerites, the mesh is

predominantly rectangular, and the illustra-

tions given are not clear enough to deter-

mine whether the species is P. media or not.

The general morphology of P. media re-

sembles P. agassizii, but in the latter spe-

cies the mesh is smaller. In small colonies

of P. media, the midribs are not well de-

veloped and are similar to P. exilis, but the

distribution, shape and size of the calyces

are different from P. exilis and the sclerites

are also inconsistent with the latter.

Distribution.—La Paz, Gulf of Califor-

nia, Baja California Sur, Acapulco, Mexico;

San Salvador, Corinto, Nicaragua (Verrill

1868a) (Table 2). It was reported for Gor-

gona Island, Colombia living in high-ener-

gy zones on rocky substrates by Prahl et al.

(1986), but it is not clear if the species was

correctly identified.

Pacifigorgia pulchra (Verrill, 1870),

new combination

Figs. 11 A, B, 12B, 26A-E

Leptogorgia pulchra Verrill, 1870:549-550

(partial).

Leptogorgia pulchra var. exilis Verrill,

1870:550-551 (partial).

Gorgonia pulchra.—Bielschowsky, 1918:

38.—Kukenthal, 1919:773.—Kukenthal,

1924:340.—Hickson, 1928:383-384, Fig.

23.—Bielschowsky, 1929:151.—Galt-
soff, 1950:27.

Material examined.—Lectotype (here

designated).—YPM 4058b, dry specimen,

160 by 223 mm, Baja California Sur, La
Paz, Mexico, 12-14 m in depth, 1867-70,

collector, J. Pedersen.

Paralectotypes.—YPM 4055b, 4058d,

MCZ 4016, USNM 33612, Baja California

Sur, La Paz, Mexico.

Other material.—YPM 4597, 4059b, La
Paz, Baja California.

Preliminary remarks.—Verrill (1870) de-

scribed Leptogorgia pulchra with speci-

mens from La Paz, Baja California, but did

not designate a holotype. The details of the

sclerites were vague, and no illustrations
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Fig. 27. Pacifigorgia rutila (YPM 2266); SEM micrographs of sclerites. A-D. Coenenchymal sclerites. E.

AnthoGodial sclerites. A. Capstans. B. Blunt spindles. C. Spindles with acute ends. D. Rods with flat tubercles.

E. Flat rods.

were given. The type specimens found in

the various museums included specimens of

other species. In order to establish the cor-

rect identity of this species, YPM 4058b

was chosen as the lectotype. This specimen

shows very well the characteristics given by

Verrill (1870).

Diagnosis.—Erect, semicircular, reddish

orange colonies, up to 160 by 380 mm in

size, single or compound fans. Thin, slender

branches, with square cross section (up to

1.0 mm in diameter). Open networks of

mostly angular and rectangular meshes (1-

20 by 2-20 mm). Short stem from up to 4.0

mm high and indistinct midribs present.

Clavate free-branchlets, from 3-8 mm, free-

twigs up to 5 mm long. Two rows of round,

prominent calyces along each side of the

branches; very crowded, and producing a

warty surface. Coenenchymal sclerites deep

red, bright yellow and some bi-colored.

Blunt spindles (0.05-0.07 by 0.03-0.04

mm); long and wide spindles (0.08-0.11 by

0.03-0.05 mm) with acute ends. Anthoco-

dial rods orange, oblong and wide (0.07-

0.14 by 0.02-0.03 mm), with serrated and

lobed margins. Some slender thorny nee-

dles also present in the anthocodia.

Description of the lectotype.—The spec-

imen is reddish orange, mingled with yel-

low. It is 160 by 223 mm, wider than high,

and composed of several fans (Fig. 1 IC). It

has a short stem (3.5 mm high) that bifur-

cates, close to the round holdfast, into sev-

eral short midribs (3-4 mm thick), which

subdivide rapidly and merge into the fan.

The branches are mostly square in cross

section, and slender throughout (1.0-1.5

mm in thickness). They regularly anasto-

mose to form an open network of mostly

rounded (1-3 mm diameter) and rectangular

(4-20 by 2-20 mm) meshes. Some short

free-twigs (up to 5 mm) project into the

large meshes, and the free-branchlets aie
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clavate and range from 3-8 mm in length.

The secondary fans are formed from thick

branches of the primary fan that project

perpendicular and then grow parallel to the

main fan. The calyces are rounded and

prominent (0.50-0.75 mm diameter), with

bilabiate apertures, and are arranged alter-

nately in two rows along each side of the

branches giving them their square form

(Fig. 1 IB). Calyces are mostly very crowd-

ed, but more distant or absent on the thicker

branches and the midribs. Distinct yellow

and orange longitudinal grooves are well

marked along the midribs. Coenenchymal

sclerites are deep red or bright yellow, and

some are bi-colored. They are long spindles

(0.08-0.11 by 0.03-0.05 mm) with 4-6

whorls of tubercles and acute warty ends

(Fig. 26A); blunt spindles (0.05-0.07 by

0.03-0.04 mm) with 2-4 whorls of tuber-

cles and warty ends (Fig. 26B); capstans

(0.04-0.05 by 0.02-0.03 mm) (Fig. 26C);

and rods (0.05-0.06 by 0.02-0.03 mm) with

flat tubercles (Fig. 26D). Anthocodial scler-

ites are wide, oblong orange rods (0.08-

0.14 by 0.02-0.03 mm) with margins ser-

rated, or lobed rods (0.07-0.08 by 0.02-

0.03 mm) (Fig. 26E), and a few slender,

thorny needles (0.09 by 0.01 mm).
Remarks.—The specimens of P. pulchra

were included with P. exilis in various col-

lections, which were originally described as

a slender variety of P. pulchra (see P. exi-

lis). The colony YPM 4059b was labeled as

type of the slender variety (exilis), but it fits

P. pulchra. Contrary to YPM 4058d and

MCZ 4016, though both becoming, para-

lectotypes of P. pulchra, show all the char-

acteristics of P. exilis. The specimen

USNM 49364 was identified as P. pulchra

but it fits P. exilis instead.

Distribution.—Gulf of California, La
Paz, Baja California Sur, Mexico (Verrill

1870) collected between 11-15 m deep by

divers. According to Hickson (1928) he had

a specimen found off Taboga, Panama, but

no colonies from Panama have been locat-

ed.

Pacifigorgia rutila (Verrill, 1868c),

new combination

Figs, lie, D, 12B, 27A-E

Rhipidogorgia agassizH Verrill, 1864:32

(partial).

Litigorgia adamsii var. rutila Verrill, 1 868b.

Leptogorgia rutila Verrill, 1868c:392-393.

Gorgonia rutila.—Bielschowsky, 1918:

38.—Kukenthal, 1919:773.—Kukenthal,

1924:339-340.—Bielschowsky, 1929:

146.

Pacifigorgia cribrum.—Bayer & Macin-

tyre, 2001:318 (mineralogy).

Material examined.—Lectotype (here

designated) YPM 2266, dry specimen, 123

by 220 mm, Guerrero St. Acapulco, Mexi-

co, no depth given, prior 1 860, collector, A.

Agassiz 1859-1860 (Received by the YPM
on exchange from MCZ).

Paralectotypes.—YPM 1706; MCZ
7061; MCZ 4034; MCZ 4011 (7); Acapul-

co, Mexico.

Other material.—MCZ 7010, 4012 (5),

32264, Acapulco, Mexico; MCZ 4033,

4034, Oxaca, Mexico; MCZ 4014, Cape
San Lucas, Baja California; MCZ 4015,

Mazatlan.

Preliminary remarks.—Verrill described

this species with a series of specimens from

Acapulco, and without a designation of a

holotype. Because of the confusion in the

identification of this species mentioned
above (under P. adamsii), we chose the col-

ony YPM 2266, which is also the figured

specimen (Verrill 1868c, PI. 5, Fig. 13) as

the lectotype of P. rutila.

Diagnosis.—Erect, broader than high

colonies of a conspicuous burnt orange col-

or, up to 250 by 300 mm in size. Slender,

square branches from 1.0-1.5 mm thick.

Fine network of tiny round and oblong

meshes (0.25-1.00 mm diameter, L0-L5
high by 1—2 mm wide). Very short stem (up

to 7 mm in length) and no distinct midribs.

Quite small, blunt free-branchlets, up to 3

mm. Two rows of rounded, bi-lobed and

prominent calyces along each side of the

branches, very crowded. Pink and light or-
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Fig. 28. Pacijigorgia stenobrochis (MNHN OCTS.2000.03); SEM micrographs of sclerites. A-E Coenen-

chymal sclerites. G. Anthocodial sclerites. A. Spindles with acute ends. B. Dagger spindles. C. Blunt spindles.

D. Capstans. E. Four-radiates. F. Rods with flat tubercles and waits. G. Flat rods.
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ange coenenchymal sclerites. Long spindles

(0.09-0.14 by 0.03-0.05 mm), with acute

warty ends; blunt spindles (0.08-0.09 by

0.03-0.04 mm); and abundant capstans

(0.03 to 0.05 by 0.02-0.03 mm). Anthoco-

dial sclerites, long dull orange rods (0.09-

0.11 by 0.01-0.02 mm), with scalloped

margins.

Description of the lectotype.—The spec-

imen is a flat, wider than high colony, 123

by 220 mm in size, of a characteristic burnt

orange color. It has a very short stem (5 mm
high); except for some short thicker branch-

es, which can be traced radiating horizon-

tally at the base of the fan, no distinct mid-

ribs are present. Branches are square in

cross section, and slender throughout (1.0-

1.5 mm thick). They regularly anastomose

to form a fine network of tiny, round (0.25—

1.00 mm diameter) and oblong (1.0-1.5 by
1—2 mm long) meshes; some of them are

totally filled by coenenchyme, especially at

the basal part of the colony. Free-branchlets

are quite small with blunt enlarged tips, less

than 3 mm long. Calyces are round and

prominent, about 0.75 mm diameter with

broad, bilabiate apertures. They are ar-

ranged closely in two rows along each side

of the branches, and are very crowded, pro-

ducing a warty surface. Coenenchymal
sclerites are pink and light orange. They are

blunt spindles (0.08-0.09 by 0.03-0.04

mm) with 4 whorls of tubercles and warty

ends (Fig. 27B); long spindles (0.09-0.14

by 0.03-0.05 mm) with acute warty ends

and with 4-6 whorls of warty tubercles

(Fig. 27C); capstans (0.04-0.05 by 0.02-

0.03 mm) with broad tubercles (Fig. 27A).
Also short rods with flat tubercles, or elon-

gated rods with shorter tubercles and warts

(Fig. 27D). Anthocodial sclerites are long

dun orange rods (0.09-0.11 by 0.01-0.02

mm), with acute, slightly warty ends and

margins scalloped or serrated (Fig. 27E).

Remarks.—Although no illustration of

the sclerites was provided by Verrill

(1868c) the characterization of them is very

similar to our observation. Even though the

largest spindle with acute ends found by

Verrill was 0.156 by 0.048 mm, and the

largest we measured was 0.14 by 0.05 mm
long, the size of the sclerites in general is

quite consistent. P. rutila and P. agassizii

are somewhat similar and have been con-

fused with one another. The meshes are al-

most the same size, but P. agassizii has

very distinct midribs, smaller calyces with

bright yellow sclerites, and thinner branch-

es. Additionally, the sclerites are totally dif-

ferent and the color of the colony of P. ru-

tila is very characteristic (Table 1). Simi-

larity to P. cribrum was discussed above

(under P. adamsii) (Table 1).

Distribution.—La Paz, Baja California;

Acapulco, Mexico (Verrill 1868a) (Table 2).

Pacifigorgia stenobrochis

(Valenciennes, 1846)

Figs. HE, F 12C, 28A-G

Gorgonia stenobrochis Valenciennes, 1846,

PI. 12, Fig. 1, la.—Bielschowsky, 1918:

39.—Kukenthal, 1919:773.—Kukenthal,

1924:341-342.—Hickson, 1928:387-

390.—Bielschowsky, 1929:155.—Galt-
soff, 1950:27, Fig. 16.—Stiasny, 1951:

32.

Rhipidogorgia stenobrachis.—Valenci-

ennes, 1855:13.—Milne Edwards and

Haime, 1857:176.—Verrill, 1864:32.

Gorgonia stenobrochis.—Verrill, 1868a:

414.

Gorgonia {Rhipidogorgia) stenobrochis.—
Verrill, 1866:327.

Gorgonia (Eugorgia) stenobrochis.—Ver-

rill, 1868a:414.

Litigorgia stenobrochis.—Verrill, 1868b.

Leptogorgia stenobrochis.—Verrill, 1868c:

393-394.—Verrifl, 1869b:421.

Pacifigorgia stenobrochis (new combina-

tion).—Bayer, 1951:94.

Material examined.—Holotype.—MNHN
OCT.S.2000.03, dry specimen, 345 by 275

mm. New Zealand (certainly an error), no

depth given, 1839, collector. Voyage de la

Venus, Capitaine Du Petit-Thouars.

Other material—MCZ AOAA (15), 18135

(2), MNHN OCT.S.2000.04, Panama; YPM
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555, 556, 1711, 4615, 5637, Panama;
USNM 49729, USNM 49366, USNM
92060, USNM 18980, North Pacific Ocean;

UCR 831, Cabo Blanco; UCR 771, UCR
498, Cano Island.

Preliminary remarks.—Valenciennes

(1846) named this species (as Gorgonia

stenobrochis) using a specimen collected in

the Voyage de la Venus expedition (1836-

1839) from New Zealand. As it was men-

tioned above, the locality of collection was

a mistake. Valenciennes changed the name
"stenobrochis'', to ''stenobrachis'\ in

1855, which is considered, according to the

Code (1999-2000:42, article 33), an unjus-

tified emendation. Verrill (1868c) pointed

out that the name was misspelled and fixed

the original stenobrochis. Apart from the il-

lustrations of this species in Valenciennes'

(1846) publication, there is no description.

Despite the doubtful origin of the specimen

MNHN OCT.S.2000.03, it constitutes the

holotype by monotypy. Bayer (1951) des-

ignated Gorgonia stenobrochis Valenci-

ennes as the type species for the genus Pa-

cifigorgia.

Diagnosis.—Colonies large up to 190-

580 mm in size, stiff, dark purple, dark yel-

low, or brown, sometimes intermingled.

Open reticulate, with a single fan or sub-

divided in 2—5 lateral fans. Stem very short

or absent, holdfast wide and strong.

Branches mostly compressed, around 2-5

mm thick, and nearly round in cross section

at the tips. No distinct midribs present. Net-

work of long, oblong, or rectangular mesh-

es around 10-35 by 1-4 mm in size. Free-

branchlets up to 30 mm long. Low, oval

calyces, distributed on both sides of the

branches, not very crowded, leaving the

branches with a smooth texture. Coenen-

chymal sclerites pink, light yellow or bi-

colored. Coenenchymal sclerites basically:

blunt spindles (0.08-0.12 by 0.04-0.04

mm), long spindles (0.10-0.12 by 0.03-

0.04 mm) with acute ends; wide dagger

spindles (0.08-0.11 by 0.037-0.04 mm);
wide warty capstans (0.03-0.06 by 0.02—

0.04 mm); and four-radiates (0.04-0.07 by

0.02-0.04). Pale yellow anthocodial rods

(0.03-0.06 by 0.01-0.02 mm) with edges

scalloped, or slightly lobed.

Description of the holotype.—The spec-

imen is a large, 345 by 275 mm, stiff, open

reticulate, pale violet colony, with a thick

holdfast (32 mm in diameter). The branches

spring directly from the holdfast or form a

very short, stout stem. No distinct midribs

are present, but some thick branches can be

followed for various distances into the fan.

Branches are compressed in the plane of the

fan (2-5 mm thick), and some, especially

at the tips, are nearly round in cross section.

The branches anastomose to form a quite

regular network of long, oblong or rectan-

gular meshes (10—35 by 1-4 mm wide)

(Fig. 1 IE, F). The colony is formed of three

fans. The free-branchlets are distinctly long,

from 10-30 mm in length, with rounded

tips. A few, very short, free-twigs are pre-

sent (1.0-1.5 mm). The calyces are oval,

low mounds with a slit-like aperture, dis-

tributed uniformly on all sides of the

branches; less crowded on the thick lower

branches. Coenenchymal sclerites are pink,

pale yellow and colorless. They are long

spindles (0.10-0.12 by 0.038-0.04 mm)
with 2-3 whorls of tubercles and warty

elongated ends (Fig. 28A). Also wide dag-

ger spindles (0.08-0.1 1 by 0.037-0.04 mm)
(Fig. 28B); blunt spindles (0.08-0.01 by

0.035-0.04 mm) with 3-4 whorls of warty

tubercles and warty tufts (Fig. 28C); and

broad capstans (0.04-0.07 by 0.02-0.04

mm) with wide, warty tubercles (Fig. 28D).

There are four-radiates with warty tubercles

at the ends (Fig. 28E). Also, short (around

0.04 by 0.02 mm) rods with 2 whorls of flat

tubercles, or elongated (0.09-0.12 by 0.3-

0.4 mm) with 2-4 whorls of tubercles and

warty tufts at the ends (Fig. 28F). Antho-

codial sclerites are pale yellow rods (0.03—

0.07 by 0.01-0.02 mm), with scalloped or

slightly lobed edges (Fig. 28G).

Variability.—The color of the colonies

vaiies from dark purple, violet, yellow

ochre, and both dark puiple and yellow

ochre in the same colony (pers. obs.). Small
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colonies are formed by one fan and the

branches are more rounded (UCR 771).

Some small colonies from Panama (YPM
556) form blade-like fans with very few

anastomosis. The sclerites vary in the dom-
inance of a color (from pink to light yel-

low), and also some variation in shapes was

observed, e.g., the presence of more spin-

dles with sharp ends in some samples.

Hickson (1928) pointed out that there is a

great variability between colonies of this

species, such as color and sclerite domi-

nance. This variability persists even if the

specimens are from very similar environ-

ments and collected at one spot.

Remarks.—The taxonomic characters of

the original Valenciennes holotype (MNHN
OCT.S.2000.03) are very consistent with

those of MNHN' OCT.S.2000.04 identified

by Milne Edwards & Haime (1857). The de-

scriptions given by Verrill ( 1 868c) and Hick-

son (1928) of this species, even though ac-

curate, were not illustrated. It seems that the

only illustration was given by Valenciennes

(1846, Fig. 12, figure 1, la). According to

Verrill (1868c) the reported site of collection

of the Valenciennes' specimen. New Zea-

land, was a mistake (see above, under P. ar-

enatd), the colony was probably collected in

Acapulco or Mazatlan, which were reported

later (data in museum catalogues) as col-

lecting sites of this species. This species pre-

sents a certain similarity with P. englemanni,

which was discussed above.

Distribution.—Acapulco, Mexico; San
Salvador; Corinto, Nicaragua; Pearl Islands,

Panama; Zorritos, Peru; Puntarenas, Costa

Rica (Verrill 1868c). The colonies from

Pearl Islands and Zorritos were collected

between 11 and 15 m deep (Verrill 1868c)

(Table 2). This species is found 15-30 m
deep in Cafio Island, Murcielago Archipel-

ago, Cabo Blanco, Samara Bay and Punta

Matapalo, Costa Rica (pers. obs.).

Pacifigorgia tabogae (Hickson, 1928),

new combination

Fig. 13 A 1-4, Bl

Gorgonia tabogae Hickson, 1928:393, PI.

4, Figs. 6, 28.—Stiasny, 1943:76-77.

Material examined.—Holotype.—Gor-

gonia tabogae, BM 1961.2.6. 163, micro-

scope slide of sclerites, Isla Taboga, Pana-

ma.

Other material.—VSNM 44215, Gulf of

Nicoya, Costa Rica.

Preliminary remarks.—Hickson de-

scribed Gorgonia tabogae from three frag-

ments of a colony found off Taboga Island

in 1915. The only material that we could

locate from the holotype, is a microscope

slide of the sclerites (BM 1961.2.6.163)

made by Hickson. These sclerites are very

distinct from the ones found in the other

species, so we believe the species is valid.

Diagnosis (Deduced from Hickson's de-

scription and microscope slide).—Dark pur-

ple fans. Irregular, open network of round-

ed, or polygonal meshes. No evidence of

distinct midribs. Calyces slightly raised as

low mounds. Polyps with a broad ring of

pale pink anthocodial rods below the ten-

tacles. Largest coenenchymal sclerites, pur-

ple, spindles with acute ends, up to 0.16 by

0.06 mm in size. Numerous blunt spindles

up to 0.13 by 0.06 mm in size, some yel-

low, some purple and some bi-colored.

Capstans up to 0.09 by 0.06 mm, and con-

spicuous four radiates ("a few peculiar qua-

druplets" Hickson, 1928).

Description of the sclerites.—The coe-

nenchymal sclerites of the holotype are

large, bright yellow, and bi-colored. They

are blunt spindles (0.09-0.13 by 0.05-0.06

mm) (Fig. 13A.1); spindles with acute ends

(0.10-0.16 by 0.05-0.06 mm) (Fig. 13A.2);

conspicuous four radiates (around 0.09 by

0.09 mm) (Fig. 13A.3); and capstans (0.07-

0.09 by 0.04-0.06 mm) (Fig. 13A.4). An-

thocodial sclerites are flat, pale orange rods

(0.05-0.08 by 0.01-0.02 mm) (Fig. 13B.1),

with smooth, scalloped or slightly lobed

borders.

Remarks.—According to Hickson

(1928), the holotype was a dark purple fan

similar to P. darwinii. The differences be-

tween P. tabogae, P. darwinii and P. doug-

lasii were discussed above. We found a

fragment of a colony (85 mm by 35 mm)
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from Costa Rica in the USNM (USNM
44215), identified by Deichmann as G. ta-

bogae. The sclerites of this colony are very

similar in shape and color (a little paler) to

the ones in the holotype slide, but they are

considerably smaller (spindles with acute

ends, up to 0. 1 1 mm; blunt spindles, up to

0.08 mm). Additionally, the anthocodial

rods of USNM 44215 are longer, up to 0.09

mm. A more complete description of P. ta-

bogae will have to wait until fresh material

of this species is found.

Distribution.—Only reported for Taboga

Island, Panama (Hickson 1928).

Final Remarks

The previous information known, regard-

ing habitat, depth, abundance and geo-

graphic location of the eastern Pacific oc-

tocorals was inadequate or nonexistent.

Mainly because the samples were collected

by pearl divers, or fishing gear or by dredg-

ing, never by the scientists themselves and

also, in some cases, enthusiasts, who ac-

quired the octocorals as souvenirs and do-

nated them to museums. However, we can-

not overlook that information, and conse-

quently, the geographic distribution of the

species of Pacifigorgia presented in Table

2 is based on the literature and personal ob-

servation. Of the 1 8 species described, only

one is found in the Atlantic Ocean, and this

is between Trinidad and Brazil. Nine spe-

cies were recorded on the Pacific side of

Panama, the area which scored the highest

number of species; six in Baja California;

five in Acapulco; and five on the Pacific

coast of Costa Rica. Three species were re-

ported from the Pacific coasts of Nicaragua

and one from Zorritos, Peru. Two species

were found in the Galapagos Islands. In

terms of species distribution P. stenobro-

chis shows the widest distribution (from

Mexico to Peru). Pacifigorgia englemanni,

P. exilis, and P. rutila were only recorded

for the Mexican Pacific. Based on this in-

formation, it is difficult to provide a reliable

distribution map of this genus because the

species have been largely misidentified and

only anecdotal reports about their abun-

dance are available. Recent research on oc-

tocorals in Colombia and Baja California

(Prahl et al. 1986, Sinsel-Duarte 1991) at-

tempted to evaluate abundance and distri-

bution, but the identification of the speci-

mens was not clear and may be erroneous.

Seventeen species of Pacifigorgia are

recognized as valid in this revision. Most of

the taxonomic problems of these species

were originated by inadequate descriptions

in the old literature and also inappropriate

manipulation of the type specimens in the

museum's collections. With the exception

of P. agassizii in which the original type

could not be determined, in almost all case

type specimens were available for exami-

nation. In the case of P. douglasii and P.

tabogae although only permanent micro-

scope slides of sclerites were available, they

show clear differences with respect to the

other described species to be recognized

here as different species. P. arenata and P.

cribrum are only characterized from the ho-

lotypes. These four species will be better

characterized when fresh material is col-

lected.

In establishing the identity of the nomi-

nal species of Pacifigorgia the combination

of sclerite forms, patterns of branching, dis-

tribution of calyces, and color proved to be

very reliable. The differences found be-

tween the species are tabulated in Table 1.

Pacifigorgia douglasii and P. tabogae were

not included in Table 1 because the holo-

type colonies were not found. The sclerite

forms in most of the species made possible

the definitive diagnoses. Capstans are pre-

sent and abundant in almost all species, in

diverse forms and sizes and show little dif-

ference between species. Hence, the differ-

ence between species becomes more evi-

dent based on the kind and abundance of

spindles both acute and blunt rather than on

capstans or in other more common sclerites.

Consequently, the spindle sclerites should

be considered of higher diagnostic value.

The taxonomic importance of anthocodial
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rods was also demonstrated here because

their forms and colors are very specific. The
use of the combination of the growth form

of the colony, the sclerites, and the color of

both allows accurate species identification,

in spite of being considered characteristics

highly influenced by the environment.

In many cases in the past, taxonomic

confusion was also generated when only

small specimens were available for identi-

fication (e.g., P. adamsii was mistaken with

P. irene). For this reason, field observations

and studies on gonad development are

needed in order to determine the real form

and size of the adult colony. Furthermore,

genetic research would also help to deter-

mine intra- and interspecific relationships.

Recent collections made along the Pacific

coast of Colombia (Prahl et al. 1986), Baja

California (Sinsel-Duarte 1991), Costa Rica

and Panama reveal that many more species

of Pacifigorgia have yet to be identified and

recorded. In addition, many other speci-

mens remain in museum cabinets awaiting

study.

Further observations and the collection

of fresh specimens from the original type

localities would greatly enhance and com-
plement the natural history of Pacifigorgia

and lead to the better understanding of the

taxonomy of this long neglected genus.
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Abstract.—Of the three species of Callogorgia now recognized in the west-

ern Atlantic, one that had been misidentified as Callogorgia verticillata, an

eastern Atlantic and Mediterranean species, is now established as a new species

in its own right, comprised of two subspecies. A second, C. gracilis, originally

reported from Guadeloupe, is redescribed on the basis of type material and

additional specimens. A third species, C linguimaris, is described as new.

Records of all three species preserved in the collection of the National Museum
of Natural History, Washington, D.C, are reported, and the species are illus-

trated by scanning electron micrography.

Species of the genus Callogorgia, and

many other primnoid genera, have some of

the most conspicuous polyps and largest

sclerites of all octocorals. Their polyp scler-

ites (scales) are delicately and sometimes

ornately sculpted, and arranged in such a

definite pattern and number that the total

number of polyp sclerites is fairly constant

per species and often numbers less than 50.

Species occur exclusively in deep water

(82-2472 m) and are found worldwide in

tropical and warm temperate regions. There

are about 26 species known, but only three

are currently recognized in the western At-

lantic, although several more species re-

main to be described from this region, as

implied by Verrill (unpub.) and personal

observations. But, in her report on the oc-

tocorals of the western Atlantic, Deichmann

(1936) recognized only two species of Cal-

logorgia (there spelled Caligorgia): C.

gracilis (Milne Edwards & Haime) and C.

verticillata (Pallas). The former species is

redescribed based on the type and addition-

al specimens; the latter is reidentified as the

new species C americana; and a third spe-

cies, C. linguimaris, is described from the

Tongue of the Ocean, Bahamas.

Material and Methods

The prominent polyps of Callogorgia,

which are armor-plated with large, scale-

like sclerites, are vulnerable to damage
from the moment of collection onwards.

Abrasion in the trawl or dredge inflicts

some damage, and specimens are obtained

in a broken condition, usually with many
polyps rubbed off. Handling by the scien-

tific crew under the pressures of sea-going

operations results in a second stage of dam-

age incurred during initial preservation in

bulk on shipboard. Further attrition occurs

in the laboratory during sorting and rebot-

tling procedures. Even in their final con-

tainers, most primnoids remain prone to

damage with even the most careful han-

dling during scientific study. Each time a

specimen is removed from its container

more polyps inevitably are broken loose,

falling as a calcareous rain to the bottom of

the container It is therefore imperative that

not only curatorial personnel charged with

maintenance of gorgonian collections, but

also the researchers carrying out scientific

studies, should handle primnoid specimens

as little and as carefully as possible.
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Designation of polyp scales used here

follows the system employed by Versluys

(1906) as modified by Bayer (1982). Syn-

onymies for all species are purported to be

complete.

The following abbreviations are used:

CI—RA'^ Columbus Iselin; G—RA^ Gerda;

JSL-I—R/V Johnson-Sea-Link /; MCZ—
Museum of Comparative Zoology, Harvard,

Cambridge; O—M/V, RfV Oregon; P—
RA' Pillsbury; RMNH—Nationaal Natu-

urhistorisch Museum, Leiden, The Nether-

lands (formerly Rijksmuseum van Natuur-

lijke Historic); SEM—Scanning Electron

Microscopy (in the context of material ex-

amined sections, the specific stub number
in the Bayer sequence of SEM stubs); SB—
MA^, R/V Silver Bay; TCWC—Texas Co-

operative Wildlife Collection, Texas A&M
University; USNM—United States National

Museum (now known as the National Mu-
seum of Natural History, Smithsonian),

Washington, D.C.

Subclass Octocorallia

Order Alcyonacea

Suborder Calcaxonia

Family Primnoidae Gray, 1858

Genus Callogorgia Gray, 1858

Diagnosis.—Pinnately branched prim-

noids with polyps facing upward, always in

whorls; polyps curved inward toward axis,

with only abaxial rows of body scales com-
plete, those of adaxial rows always reduced

in number or absent and leaving most of

adaxial body wall naked, those of inner-lat-

eral and outer-lateral rows also reduced in

number or absent; distalmost scale in each

body-scale row specialized as an opercular

scale different in shape from the subjacent

marginal scale; abaxial and lateral opercular

scales articulating with respective marginal

scales near the distal edge so marginals can-

not fold inward over operculars. Type-Spe-

cies: Gorgonia verticillata Pallas, 1766, by

monotypy.

Remarks.—Examination of over 100 lots

from the waters between the Straits of Flor-

ida and Surinam reveal the morphological

diversity that led Verrill (unpub.) to distin-

guish five species of Callogorgia. Two ma-

jor types are, indeed, recognizable, one in

which the distal abaxial scales of the polyps

are sculptured externally with strong, sharp,

radially arranged crests, and one in which

the scales are externally sculptured more or

less distinctly with simple tubercles but

never with high crests (although a series of

thin radial ridges occurs along the distal in-

ner margin of the scales where they overlap

the scale above).

Closer study shows that within these two

general types morphological variations oc-

cur suggesting the existence of as many as

six species. These two types, which possi-

bly represent species-groups, are also rec-

ognizable among the Pacific species of Cal-

logorgia. To the former belong C flabellum

(Ehrenberg), C. cristata Aurivillius, C. ro-

busta Versluys, C. weltneri Versluys, C gil-

berti Nutting, and C. kinoshitae KUkenthal;

to the latter belong C affinis Versluys, C.

sertosa Wright & Studer, C minuta Ver-

sluys, C. similis Versluys, and C. chariessa

Bayer. The status of these species remains

to be clarified when sufficient material to

evaluate variation becomes available for

study.

The characters available for discrimina-

tion of species remain essentially those used

by Versluys (1906), whose exemplary treat-

ment of the Primnoidae of the Siboga Ex-

pedition placed the classification of the

family on a firm scientific basis. These are

colonial in form and manner of branching,

size and number of polyps in the whorls,

spacing of whorls along the branches,

sculpturing and number of scales in the lon-

gitudinal rows of sclerites on the body of

the polyps, and the form and sculpturing of

the coenenchymal sclerites.

Unfortunately, these characters, which

served reasonably well for the discrimina-

tion of species when relatively few speci-

mens were involved, become unreliable

when many specimens are available for

study.
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Fig. 1. A, Callogorgia americana americana, syntype branch from P-889, USNM 52883, X 0.38; B, C.

americana delta, syntype branch from 0-365I, USNM 52903, X 0.53; C, C. lingiiimaris. syntypes from C/-15,

USNM 94580, X 0.36; D, C. gracilis, holotype, MNHNP, X 0.34.
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1. Branching. In the western Atlantic, al-

ternate pinnate branching is the rule, but the

group of species corresponding to Deich-

mann's C gracilis have closer, more regular

pinnate branching than do those corre-

sponding to her C. verticillata, in which the

lateral branchlets are farther apart and the

primary axis bends slightly away from each

lateral branchlet that is produced, thus as-

suming a weakly zigzag (quasisympodial)

course.

2. Length of lateral branchlets. Colonies

of the ""gracilis group" tend to have short-

er, stiffer branchlets than do those of the

"verticillata group," but even among col-

onies with very similar polyps, some may
have long, flexible branchlets while others

have short, stiff ones. It is clear that water

currents have a significant influence on

growth form in other gorgonians, but in-

sufficient data are available for assessment

of environmental effects on the form of

Callogorgia colonies.

3. Number of polyps per whorl. On the

lateral branchlets, polyps are always ar-

ranged with great regularity in opposite

pairs or in whorls of three or more; on larg-

er branches, this arrangement may be dis-

rupted by the irregular insertion of new pol-

yps and the loss or resorption of old ones.

Some species have a strong tendency to-

ward arrangement in pairs but this is by no

means constant and whorls of three or four

polyps usually appear on the proximal part

of the branchlets. Other species rarely if

ever produce polyps in pairs, and the num-
ber per whorl tends to increase basally by

the insertion of young polyps between ma-
ture ones when the diameter of the branch-

let becomes large enough to accommodate
them.

Addition of polyps on actively growing

branchlets occurs both terminally and prox-

imally. New individuals do not necessarily

originate simultaneously at the growing tip

of branchlets, as branch tips with a single

young polyp have been observed. However,

in species with polyps typically arranged in

whorls, as in Callogorgia, two or three

young polyps ordinarily occur at branch

tips. As the branchlet elongates, the number
of polyps per whorl is augmented proxi-

mally by the addition of new polyps be-

tween the original ones until the maximal

number is attained. As the branchlets grow,

new whorls of polyps arise between pre-

existing whorls when space between them

becomes sufficient. As young individuals

comprising new whorls are usually of sim-

ilar size, it is apparent that they originate

more or less simultaneously, but new
whorls with polyps of disparate size have

been observed.

The ability to repair damage and regen-

erate lost polyps is well developed. The
common occurrence of regenerating polyps

indicates occasional predation, perhaps by

fishes, which might nip off individual pol-

yps. Pleurotomariid gastropods have been

observed browsing upon colonies of Cal-

logorgia, confirmed by recovery of sclerites

from gut contents (M. G. Harasewych, pers.

comm.). Such browsing might also account

for loss of polyps. Detached branchlets that

become entangled among branchlets lower

in the colony may be cemented in place at

points of contact. It is not known how such

branchlets might be broken loose in the rel-

atively quiet, deep waters inhabited by Cal-

logorgia, but the agency of some predator

must be suspected.

4. Number of whorls per centimeter. Al-

though a component of most descriptions of

species, this character was not used by Kii-

kenthal (1919, 1924) in his keys to the spe-

cies of Callogorgia. Although subject to

variation as pointed out by Thomson &
Rennet (1931), it is nevertheless a useful

clue in the identification of specimens.

5. Number and arrangement of polyp

scales. The polypal sclerites in genera of

primnoids having polyps straight or little

inclined or bent toward the axis of the

branches are arranged along the body in

eight longitudinal rows. The number of

scales in the adaxial rows has more or less

been reduced owing to shortening of the ad-

axial side but all eight rows nevertheless
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persist at the distalmost part of the polyps

even if greatly reduced elsewhere on the

body. In most genera the 8 sclerites sur-

rounding the tentacles fold together over

the mouth and tentacles as a protective

operculum when the polyp is contracted. In

genera such as Callogorgia having polyps

that bend inward toward the axis for pro-

tection, the side of the body facing the axis

(i.e., adaxial) may have few or no sclerites

other than the operculars as there is no

room for them when the polyp is shortened

during contraction. The abaxial surface,

however, remains vulnerable to attack, re-

sulting in the strong development of pro-

tective, platelike sclerites. Those of the two

abaxial rows are the largest and comprise

from 3 to 1 1 curved scales in each row,

extending from the operculars to the base

of the polyp. The development of scales in

the outer-lateral and inner-lateral row on

each side of the body necessary to achieve

complete coverage is influenced by the

amount of curvature when the body is com-

pletely bent inward, and by the width of the

abaxial scales.

The outer-lateral rows usually have at

least one scale, the "marginal" scale (des-

ignated outer-lateral 1), on each side, but in

the middle part of the body the outer-lateral

tract on each side may be covered more or

less completely by a wide lateral extension

of some of the adaxial scales ("fliigelartige

Ausbreitung" of Versluys, 1906:81). The
larger outer-lateral 1 is, and the more abax-

ials that are widened toward the axis, the

fewer outer-lateral scales are needed to cov-

er the sides of the polyp.

The inner-lateral tracts may have one

scale (inner-lateral 1) on each side but

these, too, may be suppressed by enlarge-

ment of outer-lateral 1. In colonies whose
polyps normally have an inner-lateral 1 on

each side, that scale can be replaced either

by the broadly expanded basal lobe of the

inner-lateral opercular scale, or by a lateral

extension of the abaxial 2.

6. External sculpturing or ornamenta-

tion of sclerites. Wide variation occurs also

in the ornamentation of the outer surface of

both coenenchymal and polyp sclerites. The
fact that immature polyps may have dis-

tinctly sculptured body scales while fully

grown polyps of the same colony have

smooth scales indicates that this character

may be influenced by unknown external

conditions during development of the indi-

vidual polyps.

The most pronounced variants would

certainly have been treated as distinct spe-

cies in the past, and might still be so treated

save for the degree of intergradation re-

vealed by abundant material from a wide

geographical area. Unfortunately, characters

that in one species may be stable and reli-

able, in another may be variable and not

diagnostic. This circumstance makes the

construction of keys difficult and identifi-

cation of specimens by their use an uncer-

tain matter at best. Only by side-by-side

comparison of all specimens, and evalua-

tion in relation to depth and locality, has it

been possible to reach the tentative conclu-

sions here presented to the taxonomic prob-

lem posed by this collection. In fact, it re-

mains an open question whether the Cal-

logorgia gracilis "complex" consists of

two, three, four, or only one species.

Key to the western Atlantic species and

subspecies of Callogorgia

1 . Scales of coenenchyme and polyps with

outer surface sculptured with weak to

moderately strong radiating, sometimes

anastomosing, ridges. Outer-lateral

scale rows usually represented by 1

marginal scale, sometimes absent; in-

ner-lateral scales always absent; adaxi-

als usually absent C gracilis

r. Scales of coenenchyme with outer sur-

face nearly smooth or sculptured with

more or less distinct granules radiating

from center; distal, abaxial, and outer-

lateral body scales externally sculptured

with finely serrated crests most conspic-

uous on marginal scales, gradually de-

creasing in prominence proximally until

scales of basal half of body are smooth

or only faintly ridged. Outer-lateral
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rows with 1-4 scales; inner-lateral rows

with 1-2; adaxial rows usually with 1

scale 2

2. Polyps distinctly clavate, in whorls of

3-7; 4-5 (or sometimes 6) whorls in 1

cm of branchlet; outer-lateral rows of

body sclerites always represented by

2^ scales ... 3 (C. americana sensu lato)

2'. Polyps cylindrical, arranged in opposite

pairs (i.e., whorls of 2) distally, some-

times increasing to whorls of 3 proxi-

mally; 4 whorls in 1 cm; outer-lateral

row of body scales with 1-2 scales . . .

Callogorgia linguimaris, n. sp.

3. Cristate sculpture of abaxial and outer-

lateral scales strong and complicated,

crests of distalmost 3-4 scales stout,

high, often divided into lobes and cov-

ering most or all of exposed surface of

scale

Callogorgia americana americana, n. subsp.

3'. Cristate sculpture of abaxial and outer-

lateral body scales more delicate and

less complicated, consisting of several

thin, narrow lobes situated around free

margin of scales, leaving remaining sur-

face nearly or quite smooth

.... Callogorgia americana delta, n. subsp.

Callogorgia americana, new species

Figs. lA, 2-4

Not Primnoa flabellum Pallas, 1766:134.

Not Gorgonia verticillata Pallas, 1766:177.

Not Callogorgia verticillata.—Gray, 1858:

286.

Primnoa flabellum.—Duchassaing & Mich-
elotti, 1860:17.

Primnoa verticillaris.—Pourtales, 1868:

130.

Calligorgia americana Verrill, MS, cap-

tions of pi. 27, figs, la-e; pi. 82, figs. 4,

4a, 4b [unpublished original text].

Calligorgia aspera Verrill, MS, caption of

pi. 25, fig. 1 [unpublished original text].

Calligorgia asperula Verrill, MS, captions

of pi. 27, figs. 2, 2a, 2b [unpublished

original text; labeled as C aspera on bot-

tom of plate].

Caligorgia americana Kiikenthal, 1919:372

[nomen nudum].

Caligorgia verticillata.—Kiikenthal, 1919:

371-372; 1924:270 (part: records from

West Indies).—Deichmann, 1936:159-

161, pi. 25, figs. 5-9, pi. 26, fig. 6.—
Bayer, 1954:281 (Usted).

Callogorgia verticillata.—Bayer, 1956:

F220, figs. 158, 4; 159, 2; 1958:388 (in

part: O-590, O-1048); 1961:297, figs.

96a-d (in part: not records off Surinam

and Cuba).

Material examined/types (all specimens

listed below are considered to be syn-

types).—STRAITS OF FLORIDA: off Se-

bastian Inlet, Florida: 27°59'N, 79°20'W,

586-567 m, 7^-197, 11 Aug 1964, 10 pin-

nate branches, the largest 42 cm tall,

USNM 52890 (SEM 373); 2 pieces of main

stem and detached branches, USNM 52882

(SEM 334).

Off Indian River Inlet, Florida: 27°30'N,

79°22'W, 579-569 m, G-663, 17 Jul 1965,

5 large branches, the largest over 50 cm tall,

USNM 52880.

Off Settlement Point, Grand Bahama:

27°09'N, 79°18'W, 604 m, G-386, 19 Sep

1964, piece of main stem broken off at

holdfast, and 3 pieces of stem with lateral

branchlets, all possibly part of one colony,

USNM 52879 (SEM 457).

Off Ft. Lauderdale, Florida: 26°04'N,

79°24'W, 549-512 m, G-715, 2 Aug 1965,

1 lateral branchlet, USNM 52884.

1 1 km off Carysfort Reef Lighthouse,

Key Largo, Florida, 204 m, coll. FM. Bayer

et al., MA'^ Megalopa, University of Miami,

8 Jul 1950, 2 incomplete lateral branchlets,

USNM 51954.

Off Sand Key, Pourtales Plateau, Florida,

depth unknown. State University of Iowa

(Nutting) Bahamas Expedition, Station 29,

4 large branches, USNM 91851.

SSE of Key Largo, Florida: 24°54'N,

80°15'N, 219-212 m, G-794, 19 Aug 1966,

9 branches from a large colony, USNM
52881 (SEM 214, 215, 365).

E of Sombrero Key, Florida: 24°24'N,

80°41'N, 296-289 m, G-840, 11 Jul 1967,

3 small pinnate branches, USNM 52887

(SEM 332, 463).
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Off The Samboes, S of Boca Chita Key,

Florida, 200 m, coll. John B. Henderson,

Yacht Eolis, 1916, 4 fragments, USNM
44131.

Off Key West, Florida: 24°20'N,

82°04'W, 220 m, SB-2A21 , 29 Oct 1960, 6

incomplete lateral branchlets, USNM
52889.

Off Key West, Florida, 183-220 m, coll.

John B. Henderson, Yacht Eolis, 1916, 3

incomplete lateral branchlets, USNM
44161.

Off Key West, Florida: 24°17'05"N,

81°58'25"W, 242 m, Fish Hawk sta. 7280,

14 Feb 1902, several pinnate branches and

fragments, USNM 44160.

Off Sand Key, south of Key West, Flor-

ida, 200 m, coll. John B. Henderson, Yacht

Eolis, 1916, 1 poorly preserved specimen,

USNM 44159 (SEM 369, 376).

Off Dry Tortugas, Florida: 24°11'N,

83°21.5'W, 732 m, 5B-1196, 8 Jun 1959, 6

broken branches, USNM 51485.

STRAITS OF YUCATAN: NE of Cape
Catoche, Yucatan: 22°40.2'N, 86°36.6'W,

377 m, O-590, 12 Jun 1952, 1 main branch

and fragments of branches with lateral

branchlets, USNM 50850; 27 main branch-

es (dry) USNM 51298 (SEM 456).

NE of Cape Catoche, Yucatan:

22°41.9'N, 86°41.2'W, 411 m, 0-726, 11

Feb 1953, 1 specimen (dry), USNM 51299

(SEM 459).

Bahia de Campeche, Campeche Bank
WNW of The Triangles: 2ri7'N, 91°18'W,

37 m, O-1048, 13 May 1954, 3 branches

badly decalcified by formalin, USNM
50527.

Old Bahama Channel off Cay Sal:

22°59'N, 79°17'W, 458 m, 0-1343, 16 Jul

1955, 4 pinnate branches, USNM 50185

(SEM 370, 371).

ANTILLES: Mona Passage: 18°16'N,

67°16.5'W, 421 m, 0-2652, 6 Oct 1959, 2

branches, USNM 51578.

Lesser Antilles off Guadeloupe:

16°33.2'N, 61°36.8'W 366 m, P-944, 17 Jul

1969, 1 apical branch with 9 branchlets,

USNM 52868.

Off St. Lucia: 14°05.2'N, 60°50.3'W, 311

m, P-891, 7 Jul 1969, 4 large branches,

USNM 52885 (SEM 212).

Off St. Lucia: 14°04.4'N, 60°50.8'W 402
m, P-889; 7 Jul 1869, 3 pieces of stem, 3

pinnate branches and several smaller frag-

ments, USNM 52883 (SEM 337, 458, 465);

1 stem, RMNH Coel. 31169.

Caribbean Sea N of Peninsula de Paria,

Venezuela: 11°30'N, 62°29'W, 329 m,
0-2772, 15 Apr 1960, 2 large branches,

USNM 58393 (SEM 358, 359, 397).

Caribbean Sea off Isla Tortuga, Venezue-

la: iriO'N, 65°07'W, 420 m, O-4480, 21

Oct 1963; 1 branch, USNM 52888 (SEM
332).

Specimens reported by Deichmann
(1936): Blake stations 208, 216, 233, 269,

281.

Diagnosis.—Callogorgia with crestlike

radial sculpture on outer-lateral and distal-

most 2—4 abaxial scales, strongest on mar-

ginals and becoming progressively weaker

proximad; 7-11 body scales in abaxial

rows, 2-4 in outer-lateral rows, 1-2 in in-

ner-lateral rows, and usually 1 in adaxial

rows; 4-6 whorls in 1 cm of twig length.

Description.—The plumose, flabellate

colonies reach 1 m or more in height,

branched in an alternate pinnate manner.

Lateral branchlets vary in length from 50

to 150 mm in length, but commonly are 75—

100 mm long. The distance between

branchlets along one side of the stem (i.e.,

internodal length X2) ranges from 7 to 15

mm; rarely, 2 branches originate from one

node on the same side of the stem. New
lateral branchlets originate only near the

apex of the main stems, not between pre-

existing branchlets. At the origin of each

branchlet, the main stem bends a few de-

grees away from the branchlet, so the stem

follows a slightly zigzag course. This is

most conspicuous distally, becoming less

obvious on the lower parts of the colony

where it is obscured by secondary thick-

ening of the primary axes.

Polyps in contraction (Fig. 2) are bent

strongly inward toward the axis, clavate.
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Fig. 2. Callogorgia americana americana from P-889. USNM 52883: three stereo views of the anangement

of sclerites covering the polyps and stem, scale bar applies to all three views (X 46).
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about 1.3-1.5 mm tall, arranged in regular

whorls of 3-7, 6 being the most common
number. Four to six (usually 5) whorls oc-

cur in 1 cm of axial length. Polyps persist

on the larger main branches and stems, but

there the verticillate arrangement is usually

irregular.

All 8 longitudinal rows of body scales

are represented, 7-11 scales in the abaxial

rows, 2—4 in the outer-lateral rows, 1 or 2

in the inner-lateral rows, but the adaxial

rows consist of only one, or sometimes 2,

small scales below the adaxial operculars.

Rarely there are additional short rows of 1-

3 outer-lateral scales adjacent to the most

proximal abaxials and thus separated from

the other outer-lateral scales that are adja-

cent to the distal abaxials; however, when
the polyp is strongly bent inward, these dis-

junct sclerites come into contact. The ab-

axial body scales are usually arranged in

pairs across the sagittal axis, but are some-

times slightly offset, and occasionally a

small extra scale is intercalated on only one

side, making it difficult to accurately count

the number in a complete abaxial row. The

abaxial (outer) edges of the abaxial scales

abut each other or slightly overlap. The
most proximal 3 or 4 abaxials are quite

wide and curved, almost entirely circling

the polyp. Toward the tip of the polyp the

abaxial scales dramatically decrease in

width, becoming rectangular to square in

shape at the polyp margin, the lateral region

of the polyp being covered with 2-4 broad

outer-lateral scales and 1 or 2 broad inner-

lateral scales. These additional short rows

of scales produce the characteristic clavate

shape of the polyp. The distalmost 4 or 5

pairs of abaxial sclerites bear prominent (up

to 0.1 mm in height), finely serrated crests

radiating outward from near the middle of

the tuberculate proximal border to the distal

margin, where they form strong dentations.

These crests, which are longitudinally to

slightly obliquely oriented, are so tall that

they often obscure the boundary between

the abaxials and outer-lateral scales. The
height of the crests gradually decreases to-

ward the branch, such that the proximal 3

or 4 abaxials are smooth, bearing only

small aligned granules or low ridges. The
broad outer-lateral scales also bear longi-

tudinal crests, but only on their abaxial por-

tion (adjacent to the abaxials), the remain-

der of these scales bearing a low granula-

tion. The broad inner-lateral scales have a

granular external sculpture. The adaxial

scales are square and quite small, located

directly beneath the adaxial opercular scales

and often overlapped by the adaxial margin

of the inner-lateral scales. Below the adax-

ial scales the polyp is bare, devoid of scler-

ites, allowing the polyp to fold inward.

The operculum is well developed, the

large abaxial and outer-lateral opercular

scales forming a prominent, bluntly conical

covering over the infolded tentacles, the in-

ner-lateral and adaxial operculars being

somewhat smaller. The opercular scales

(Fig. 3A-G) are triangular, sometimes with

a longitudinal sagittal furrow or crease on

the outer surface, which corresponds to a

keel on the inner surface. Several promi-

nent, longitudinal ridges on the outer sur-

face radiate from the base, and the inner

surface is covered with crowded, complex

tubercles. The tentacles contain small, ir-

regularly sculptured rods.

The coenenchymal sclerites (Fig. 3S) are

long (up to 0.7 mm), broad (0.10-0.18

mm), flattened rods, sometimes irregularly

lobed or branched, with finely granular

sculpture on the exposed surface and close-

ly set complex tubercles on the inner, to-

gether with some smaller scales with gran-

ular or cristate external sculpture. In gen-

eral, the coenenchymal sclerites are only

one layer thick.

Variation.—Specimens of C americana

show much less variation than is observed

in C. gracilis. Although the cristate sculp-

ture of the distal abaxial and outer-lateral

body scales varies from rather coarse, as in

USNM 52890 from the east coast of Flor-

ida, to rather fine, as in USNM 52883 from

St. Lucia, most specimens fall somewhere
between those extremes. This sculptural
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Fig. 3. Sclerites of Callogorgia americana americana from P-889, USNM 52883: A-G, opercular scales

(F-G are adaxial operculars); J, L, N, P, highly ridged abaxial scales near tip of polyp; H-I, abaxial scales near

base of polyp; K, M, O, outer-lateral scales; Q-R, inner-lateral scales; S, two coenenchymal rods. All views are

of external surface except figures B, G, and H, which are internal surfaces. Scale bar: A-R = 0.10 mm, S =

0.15 mm.
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variation seems to have no geographical

correlation, as two lots from the same haul

(USNM 52882 and 52890) differ as much
as do lots from widely separated localities.

There is also wide variation in the sculpture

of the proximal abaxial scales, ranging from

smooth, to granular, to bearing low crests.

However, in specimens from the northern

Gulf of Mexico, the cristate sculpture is re-

duced in prominence and complexity to a

degree not seen in specimens from else-

where, and these are here treated as a sub-

species, Callogorgia americana delta, de-

fined in the following pages.

As seen in Table 1 , the number of scales

per row type v£iries. This variation occurs

not only among different polyps on the

same colony, but between the different

sides of the same polyp, i.e., one polyp may
have 2 outer-laterals on one side and three

on the other side.

Although most coenosteal sclerites are

flattened, those of some specimens (e.g.,

P-197) are circular in cross-section.

Etymology.—Neo Latin americanus, in

reference to the "american" distribution of

the species, the name first suggested by Kii-

kenthal (1919).

Comparisons.—Well-developed speci-

mens of this species usually can be distin-

guished from C. gracilis by their more
widely spaced, more flexible branchlets,

zigzag main stems, more prominent whorls

of polyps, and generally more plumose as-

pect, as compared with the more rigid,

featherlike colonies of C. gracilis with their

stiff branchlets and straight main stems.

Very large colonies of C. gracilis with long

branchlets might be confused with C. amer-

icana, but the sclerites have at most a net-

work of raised ridges, never the high radial

crests developed on the abaxial scales of C.

americana.

Callogorgia americana belongs to the

same group of species including C. flabel-

lum (Ehrenberg), C. weltneri (Versluys), C.

cristata (Aurivillius), C. robusta (Versluys),

C. kinoshitae (Kukenthal), C. ramosa (Kii-

kenthal & Gorzawsky), and C. gilberti

(Nutting), all from Indo-Pacific localities.

As most of those species are known from

only one or two specimens, their variability

cannot be assessed. When adequate series

are available for study, some of these nom-
inal species may fall into synonymy. Cal-

logorgia americana most resembles C. fla-

bellum (Ehrenberg) as described and illus-

trated by Versluys (1906), but the cristate

sculpture does not persist as far proximad

on the proximal abaxial scales as it does in

C flabellum. If our interpretation of Ver-

sluys' figure of a polyp (1906:70, fig. 75)

is correct, his specimen has 10 abaxials, 3

outer-laterals and 2 inner-laterals, rather

than 2 outer-laterals and possibly one inner-

lateral as he described in text, and therefore

corresponds rather closely with C. ameri-

cana. Even though Versluys compared his

specimen from the Kei Islands with frag-

ments of Ehrenberg 's type specimen in the

Berlin Museum, the latter was in such poor

condition that he was unable to be sure that

they were identical. It is thus by no means

certain that Versluys 's Siboga specimen was

correctly identified.

Distribution.—Straits of Florida, from

about 28°N southward to the Campeche
Bank, Yucatan Peninsula, Mexico; Nicholas

Channel; Lesser Antilles from Puerto Rico

to Isla de Tortuga, Venezuela (Fig. 4); 183-

732 m, but records deeper than 600 m and

shallower than 200 m are rare.

Remarks.—Of the five species of Callo-

gorgia recognized by A. E. Verrill in his

unfinished report on the alcyonarians of the

Blake explorations, three pertain to the spe-

cies here described as C americana, which

was recorded under the name Caligorgia

verticillata by Deichmann (1936). As has

already been pointed out (Carpine & Gras-

shoff 1975), C verticillata is an eastern At-

lantic and Mediterranean species quite dis-

tinct from any western Atlantic species. The
origin of this error is traceable to Kiikenthal

(1919), who used three specimens from

Key West ("West Key"), Florida, as the ba-

sis for his description of verticillata. He
also saw some of Verrill's specimens from
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65

" = C. americana americana

^ = C. americana delta

B = C. Imguimaris

Fig. 4. Distribution of Callogorgia americana americana, C. americana delta, and C. linguimaris.

Florida (220 m) and St. Lucia (282 m) at

the Museum of Comparative Zoology and

mentioned that they were labeled ''Callo-

gorgia americana.'"'' Those specimens were

reported as C. verticillata by Deichmann

(1936:160) and are still preserved at the

Museum of Comparative Zoology at Har-

vard (cat. nos. 4817, 4830).

As a new subspecies of C. americana is

described below, the previous description

applies to the nominate subspecies: C.

americana americana.

Callogorgia americana delta,

new subspecies

Figs. IB, 4-6

Callogorgia verticillata.—Bayer, 1958:388

(in part: 0-817).

Material examined/types (all specimens

listed below considered to be syntypes).

—

GULF OF MEXICO: Green Canyon, Lou-

isiana: 27°46'48"N, 9r33'06"W, 366 m,

JSL-/-2064, 16 Jun 1987, 1 colony and 2

main branches (dry), USNM 91371 (SEM
1902).

Green Canyon, Louisiana, 27°46'55"N,

91°30'25"W, 546 m, JSL-I-327\, 12 Aug
1992, 4 large colonies, USNM 94517.

Green Canyon, Louisiana: 27°45'32"N,

91°13'37"W, 457-472 m, RA^ Citation sta.

5507, 11 Jun 1985, 1 small colony (dry),

USNM 89125.

Green Canyon, Louisiana: 27°44'47"N.

91°13'19"W, 540 m, JSL-I-3261, 10 Aug
1992, 2 large colonies, USNM 94516.

Green Canyon, Louisiana: 27°45'N,

91°12.5'W, 440 m, (9-4708, 23 Feb 1964, 1

main branch with 20 lateral pinnate branch-

es, and 1 detached lateral branch with pin-

nate branchlets, USNM 52878 (SEM 333.

452).
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Off Garden Island Bay, Louisiana:

29°12'N, 88°34'W, 58 m, 0-817, 5 Aug
1953, 2 main branches, USNM 1003483.

Viosca Knoll, south of Mobile, Alabama:

29°12'N, 88°03'W, 475-570 m, 0-3651, 25

Jul 1962, 1 main branch with 1 large and

two smaller lateral branches with pinnate

branches, and several smaller branches with

pinnate branchlets, all possibly part of one

large colony, USNM 52903 (SEM 208,

453, 461); 1 large branch, RMNH Coel.

31168.

Viosca Knoll, south of Mobile, Alabama:

29°10'N, 88°01.5'W, 570-640 m, 0-3741,

26 Aug 1962, 2 main branches with lateral

branches and pinnate branchlets, severely

decorticated during collection, USNM
52877 (SEM 367, 454).

Viosca Knoll 826, south of Mobile, Al-

abama: 27°09'20"N, 88°01'16"W, 458 m,

/SL-/-3261, 6 Feb 1992, 2 large colonies,

USNM 94515.

Diagnosis.—Callogorgia americana

with cristate sculpture of abaxial and outer-

lateral body scales that is weaker and less

complicated than that of nominal subspe-

cies, crests of outer-lateral and distalmost

3-4 abaxial scales consisting of thin, nar-

row ridges highest along free margin and

not so conspicuous on remaining surface;

opercular scales when closed forming a tall-

er, more conspicuous cone.

Description.—The plumose, flabellate

colonies are like those of typical C. amer-

icana from localities outside the Gulf of

Mexico. They probably attain a similar size,

but the largest colony reported herein is

only 0.5 m in height (JSL-I-327\). The sim-

ple lateral branchlets may be as long as 120

mm, but 50-75 mm is more common.
The contracted polyps are 1.3-1.4 mm

tall, not so strongly clavate as those of C
americana americana. The distalmost

whorls are composed of 2 or 3 polyps and

some whorls evidently remain indefinitely

as pairs, whereas most increase to 3, 4, or

even 5 individuals. Four to 6 whorls occur

in 1 cm of axial length, but 4 is very com-
mon so the colonies are somewhat more

delicate in appearance than are typical

americana, where 5 whorls per cm is com-

mon.

As in typical C. americana, all eight

rows of body scales are present and in

roughly the same numbers (Table 1). In this

form, however, it is more common to have

additional outer-lateral scales adjacent to

the most proximal abaxials, disjunct from

those near the margin. These additional

scales produce a slightly swollen aspect to

the base of the polyps.

The cristate sculpture of the distal abaxial

and outer-lateral scales is much less prom-

inent and less complex than in typical C.

americana. On these scales the sculpture is

reduced to low ridges extending back from

the finely serrate margins, covering only the

distal half of the scale; the boundary be-

tween abaxial and outer-lateral scales is

usually easily seen. Occasionally there are

no ridges on the outer-lateral scales at all.

Furthermore, the proximal 4 or 5 scales of

the abaxial rows lack crests and are only

weakly sculptured with fine granules or

smooth.

The operculum, when closed, forms a

taller, more prominent cone (Fig. 5) than is

usual in C. americana americana (Fig. 2),

the scales being neither so deeply excavated

nor so strongly curved inward at the apex.

The coenenchyme contains a layer of nar-

row, somewhat flattened, irregularly fusi-

form sclerites with sparse granular orna-

mentation on the exposed surface and

crowded complex tubercles on the inner

surface.

Etymology.—From delta, fourth letter of

the Greek alphabet, as used for the alluvial

deposit at a river mouth, in allusion to the

delta of the Mississippi River, off which

specimens were collected.

Comparisons.—Callogorgia americana

delta resembles the Californian C. kinoshi-

tae (Kiikenthal), which originally was iden-

tified by Nutting (1909) as C sertosa

(Wright & Studer), a species from the Kei

Islands with which it has nothing at all to

do. Although Kukenthal (1913) reported
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Fig. 5. Callogorgia americana delta from 0-3651, USNM 52903: three stereo views of the arrangement of

sclerites covering the polyps and stem, upper two pairs (X 40), lower pair (x 46).
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Fig. 6. Sclerites of Callogorgia americana delta from 0-3651, USNM 52903: A-G, opercular scales (F is

an adaxial opercular); H, J, L, N, abaxial scales near tip of polyp; I-K, outer-lateral scales; M-O, inner-lateral

scales; P, abaxial scale near base of polyp; Q-V, flattened coenenchymal rods. All views are of external surface,

except figure B. Scale bar: A-P, R = 0.10 mm, Q, S-V = 0.20 mm.
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that in C. kinoshitae the four abaxial rows

of scales (i.e., both abaxial and outer-lateral

rows) each contain 7—8 scales, material

available to us has that many only in the 2

abaxial rows, with only 3 in the outer-lat-

eral and 1 or 2 in the inner-lateral rows.

Thus, C. kinoshitae seems to be not very

different from C. americana delta as re-

gards measurable characters, but differs

with respect to external ornamentation of

the body scales, which are sculptured with

granules more conspicuously than in spec-

imens of delta. It is possible that C. kinosh-

itae is the eastern Pacific analogue of C.

americana delta, but any conclusion about

their relationship would be premature with-

out a detailed study of much more material

than is available at present.

Distribution.—Northern Gulf of Mexico

off Louisiana (Green Canyon) and Alabama
(Viosca Knoll) (Fig. 4); 366-570 m, with

one odd record from 58 m (0-817).

Remarks.—Although C. americana delta

might be considered a distinct species, it

agrees with C. americana in most tradition-

ally accepted characters, such as: number of

abaxial scales, outer-lateral scales, and in-

ner-lateral scales, range of whorls per cm,

and type of sculpturing on the abaxial and

outer-lateral scales (Table 1). However, in

addition to the geographic separation, sub-

species C. a. delta consistently differs from

the typical form in having a reduced adaxial

sculpture (lower, less complex, less cover-

age of scale). Furthermore, C. a. delta ap-

pears to have taller opercular scales, fewer

polyps per whorl, and a slightly lower av-

erage number of whorls per cm. Therefore,

we consider it preferable to treat the pop-

ulations from the northern Gulf of Mexico
as a subspecies of the widespread Carib-

bean species.

Callogorgia linguimaris, new species

Figs. IC, 4, 7-8

Material examined/holotype.—TONGUE
OF THE OCEAN: Great Bahama Bank,

23°29'N, 77°09'W (type locality), 1116 m.

C/-15, 5 Jul 1972, 3 damaged pinnate

branches (all from same colony), USNM
94580 (SEM 499, 503, 808, 810, 811, 814,

817).

Diagnosis.—Callogorgia with low crest-

like radial sculpture only on distalmost ab-

axial scales, remaining body wall scales

smooth. 5-7 body scales in abaxial row, 1-

2 in outer-lateral rows, 1-2 in inner-lateral

rows, and usually one in adaxial position;

usually 2 polyps per whorl, on opposite

sides of branchlet.

Description.—The syntypic series con-

sists of three branches, 14, 12, and 8.5 cm
in height, undoubtedly part of the same col-

ony that once measured 22 cm in height,

but was broken near the base during collec-

tion, the base being 2.7 mm in greater di-

ameter. Branching is alternate pinnate, the

longest branchlet being 60 mm in length,

the distance between branchlets on one side

ranging from 10 to 12.5 mm. The main axis

bends slightly away from point of origin of

each lateral branchlet, thus following a

slightly zigzag (quasisympodial) course.

Polyps in contraction are bent strongly

inward toward the axis, cylindrical to

slightly clavate, up to 1.1 mm in height, and

arranged in pairs on opposite sides of the

branchlet, although whorls of 3 are some-

times found toward the base of the branch-

lets, and single polyps are also rarely pre-

sent. Polyps on the main stem are arranged

in a random fashion. Four pairs or whorls

of polyps occur per cm.

All 8 longitudinal rows of body scales

are present in each polyp: 5—7 scales in

each abaxial row, 1 or 2 in each outer-lat-

eral row, 1 or 2 in each inner-lateral row,

and 1 in each adaxial position. Disjunct,

proximal outer-lateral scales were not not-

ed. The abaxial body scales aie usually not

paired across the sagittal axis, rather they

alternate in position and slightly overlap.

Except for the marginal abaxials, the outer

surface of these scales is virtually smooth,

often lacking even granulation; however,

the distal margin of the marginal abaxials

is serrate, beaiing low ridges that are con-
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Fig. 7. Callogorgia linguimaris from C/-I5, USNM 94580: three stereo views (abaxial, adaxial, lateral) of

the arrangement of sclerites covering a polyp, scale bar applies to all three views (X 59).
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tinuations of ridges on the internal surface

of these scales. In fact, the internal ridges

are so prominent that they prevent these

scales from lying flat, causing them to

slightly flare outward. The outer and inner-

lateral scales, although few in number, are

quite broad and also smooth. The adaxial

pair is small and often covered by the ad-

axial edge of the adjacent inner-lateral

scales.

The operculum is well developed, tall,

and triangular. The opercular scales are nar-

row triangles with weakly concave sides,

externally ornamented by several low radial

crests and small spines, the upper margin of

the operculars finely serrate. The adaxial

operculars are smaller than the other 6 (Fig.

8E-F), whereas the inner-lateral operculcirs

have a broad base and very narrow apical

region (Fig. 8A-B).

Coenenchymal sclerites are elongate (up

to 0.60 mm), irregular, flattened rods or

spindles sometimes branched or lobed,

crowded but not closely fitted as in mosaic.

Coenenchymal sclerites are externally

sculptured with scattered sharp granules.

Variation.—It was noted that the sculp-

turing of the body wall scales on the polyps

on the main stem is much better developed

than on the branchlet polyps. The marginal

abaxials of the polyps occurring on the stem

bear tall, serrate ridges that cover the entire

outer surface (Fig. 8H), and the two tiers of

scales proximal to those scales also bear

prominent distal ridges.

Etymology.—From Latin lingua —

tongue -I- mare, genitive maris, the sea, in

allusion to the type locality.

Comparisons.—Although the colonies of

C. linguimaris are of the americana type

and the polyps resemble the more weakly-

sculptured individuals found in C. ameri-

cana delta, the tall, conical operculum is

conspicuously different and the margins of

the body scales are distinctly flared out-

ward. Moreover, the abaxial body scales

near the base of the polyps do not assume

the wide, embracing form present in C.

americana americana and C. americana

delta. C. linguimaris is also distinctive in

having only two polyps per whorl (Table 1).

Distribution.—Known only from the

type locality, which is the deepest known
record of a Callogorgia from the western

Atlantic (Fig. 4).

Remarks.—Callogorgia linguimaris is

represented by only a single damaged spec-

imen taken by fish-trawl in the Tongue of

the Ocean, so little can be said about vari-

ation. It can be seen, however, from even

this scanty material, that the sculpture of the

body scales varies with respect to the

strength of sculpturing, even from one pol-

yp to another on the same branch. The ar-

rangement of body scales also is inconsis-

tent, in that the scales of the outer-lateral

and inner-lateral rows may be present or ab-

sent, and in some cases it is difficult to de-

termine to which row a given scale belongs.

Callogorgia gracilis

(Milne Edwards & Haime, 1857)

Figs. ID, 9-11

Primnoa gracilis Milne Edwards & Haime,

1857:141.—Duchassaing & Michelotti,

1860:17 (hsted).

Callogorgia gracilis: Gray, 1859:484.

Calligorgia verticillata: Gray, 1870:35 (in

part: "West Indies" type).

Caligorgia gracilis: Wright & Studer, 1889:

78 (listed).—Versluys, 1906:65-66, fig.

70.—Kukenthal, 1919:375, pi. 40, fig.

49; 1924:273-274.—Deichmann, 1936:

158-159 (in part: MCZ 4791, 4793-6, pi.

25, figs. 4, 10-11, pi. 26, fig. 7).—Bayer,

1954:281 (Hsted).

Material Examined.—GULF OF MEXI-
CO: Diaphus Bank: 28°05'N, 90°4rw, sub

dive 119, 16 Oct 1978, 1 branch, TCWC
5-0836.

BAHAMAS: NW of Little Bahama
Bank: 27°55.8'N, 79°09'W, 370 m, Alvin

dive 77-746, May-Jun 1977, 2 large pin-

nate branches and some fragments, all ap-

parently from one colony, USNM 58934

(SEM 471, 493).

Off NW corner. Little Bahama Bank:
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Fig. 8. Sclerites of Callogorgia linguimaris from C/-15, USNM 94580: A-F, opercular scales (E-F are

adaxial operculars); G, two adaxial scales; H-I, abaxial scales near tip of polyp; J-K, outer-lateral scales; L-M,
O, inner-lateral scales; N, Q, R, abaxial scales near base of polyp; P, two coenenchymal rods. All views are of

external surface, except figures B and J. Scale bar applies to all figures.
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27°27'N, 79°00'W, 229-275 m, SB-3A61

,

25 Oct 1961, 1 colony and detached twigs,

USNM 52933 (SEM 475, 476).

Off Matanilla Reef, Little Bahama Bank:

27°25'N, 78°48'W, 293-311 m, G-251, 5

Feb 1964, several large pinnate branches

entwined with ophiuroids, all possibly be-

longing to 1 large colony, together with

many smaller fragments, USNM 52943

(SEM 327, 328, 502).

North of Little Bahama Bank: 27°18'N,

79°13'W, 370 m, Eastward-265A9, Mar
1975, 1 branch, USNM 59132.

Off NW corner, Little Bahama Bank:

26°53'N, 79°07'W, 320 m, Eastward-

31281, 3 branches, USNM 94556.

West of Grand Bahama: 26°42.56'N,

79°02.39'W, 376 m, /5L-/-1354, 13 Jun

1983, 1 branch, USNM 1003992 (SEM
1778).

West of Grand Bahama: 26°42.55'N,

79°01.72'W, 302 m, JSL-I-1357, 14 Jun

1983, 3 branches, USNM 1003994 (SEM
1784, 1797, 1846).

West of Grand Bahama: 26°41.8'N,

79°01.3'W, 260 m, JSL-I-1355, 13 Jun

1983, 3 branches, USNM 1004025 (SEM
1783).

West of Grand Bahama: 26°40.49'N,

79°00.42'W, 304 m, y5L-/- 1360, 16 Jun

1983, 4 branches, USNM 1004026 (SEM
1768, 1764).

Northwest Providence Channel: 26°3rN,
78°51'W, 366 m, G-503, 4 Feb 1965, 3 pin-

nate branches, USNM 52942 (SEM 229,

469, 470); 3 pinnate branches, USNM
52944 (SEM 319, 320, 396); 2 pinnate

branches and fragments, USNM 58395.

Northwest Providence Channel: 26°28'N,

78°40'W, 278-329 m, G-526, 3 Mar 1965,

1 pinnate branch, USNM 52923 (SEM
201-203).

Northwest Providence Channel: 26°34'N,

78°25'W, 329-421 m, G-692, 21 Jul 1965,

main stem with holdfast and several large

pinnate branches, all possibly part of 1 col-

ony, USNM 52946 (SEM 234, 235, 449).

Northwest Providence Channel: 26°27'N,

78°40'W, 514-586 m, G-707, 22 Jul 1965,

1 small colony with holdfast attached to

fragment of echinoid test, USNM 52940
(SEM 228).

Southeast of San Salvador: 24°04.6'N,

74°33.12'W, 345 m, 75L-/-1504, 24 Oct

1983, 1 branch, USNM 1004027 (SEM
1780, 1847).

South of San Salvador: 23°55.28'N,

74°33.42'W, 292 m, y5L-/-2006, 23 Apr
1983, 3 branches, USNM 1004039 (SEM
1836, 1845).

Off Great Inagua: 20°54'N, 73°33'W,

175-200 m; 0-5423, 26 May 1965, 5 frag-

ments, USNM 59089 (SEM 473).

HISPANIOLA: Off Navidad Bank, Do-

minican Republic: 20°11.0'N, 68°52.9'W,

180 m, P-1410, 17 Jul 1971, 1 pinnate

branch, USNM 52919.

LESSER ANTILLES: Off Fort de France

Bay, Martinique: 14°32.6'N, 61°06.2'W,

51-82 m, ^-910, 10 Jul 1960, 1 pinnate

branch, USNM 52924 (SEM 331).

Barbados: 13°04.5'N, 59°39.5'W, 183-

146 m, O-5016, 20 Sep 1964, 2 large and

several smaller pinnate branches, all prob-

ably part of one colony, USNM 52918

(SEM 345, 483, 490).

VENEZUELA: North of Peninsula de

Paria: 11°07'N, 62°14'W, 134 m, A/^-2120,

30 Jan 1884, 2 branches, USNM 7066

(SEM 1705, 1706).

HONDURAS: Near Thunder Knoll:

16°35'N, 80°55'W, 183 m, O-1890, 24 Aug
1957, 4 branches, USNM 59278.

All twelve lots reported by Deichmann

(1936), only 5 of which are considered to

be C. gracilis sensu stricto (see synonymy)

(SEM 1855-1866).

Holotype, MNHNP and USNM (see be-

low).

Types/type locality.—"Guadeloupe",
Lesser Antilles (restricted type locality, as

determined from label with holotype), coll.

L. Rousseau, 1840, 3 small branch frag-

ments of the holotype, USNM 59095 (SEM
442, 443), the remainder of which is de-

posited in the Museum National d'Histoire

Naturelle.

Diagnosis.—Callogorgia with all body
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Fig. 9. Callogorgia gracilis, holotype, MNHNP: three stereo views of the arrangement of sclerites covering

the polyps, scale bar applies to all three views (X 55).
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scales externally sculptured with low, nar-

row, reticulating ridges; 5-8 scales in ab-

axial rows; one scale (sometimes two or

none) in outer-lateral rows, no inner-later-

als, and usually no small adaxial scales; 4-8

whorls of polyps in 1 cm of twig length.

Description.—The rather stiff, pinnately-

branched, flabellate colonies may be 1 m or

more in height, branched in a regular, alter-

nate pinnate manner. The undivided lateral

branchlets vary in length from 35 to 170

mm depending, in part, upon the size of the

colony; in most specimens they are between

50 and 90 mm long. In rather few colonies

are the branchlets more than 90 mm long,

and in fewer still (and those obviously

young) are they shorter than 40 mm. The
relationship between overall height and

length of lateral branchlets seems to be var-

iable. Some large colonies have branchlets

only 50-60 mm long, whereas others may
have branchlets 80-90 mm long, but the

broken condition of most dredged speci-

mens precludes meaningful analysis. The
distance between branchlets along one side

of the stem (i.e., internodal distance X2)

ranges between 4.5 and 1 1 mm, but in most

colonies is 5-8 mm; only rarely is the dis-

tance as great as 10-11 mm. The direction

of the main axis changes little, if at all, at

the origins of the lateral branchlets, so the

stems are straight.

Polyps are strongly bent inward toward

the axis, are cylindrical (not clavate), and

0.9-1.1 mm in height. The number of pol-

yps per whorl varies from 2 to 6, but pairs

(i.e., whorls of 2 individuals) are usually

confined to the distalmost part of the

branchlets, and whorls of 5 or 6 generally

are found on the lower, older branchlets.

The spacing of whorls along the branchlets

varies from 4 to 8/cm, but 6 or 7/cm is usu-

al.

Only 4 longitudinal rows of body scales

are usually present (abaxial and outer-lat-

eral), the scales of both outer- and inner-

lateral and adaxial rows being reduced in

number as a consequence of the curvature

of the polyps toward the axis. One or 2

small marginal scales may be present in the

adaxial rows but commonly are absent. The
inner-lateral rows are always absent. The
outer-lateral rows are usually represented

by only one marginal scale; in a very few

colonies (e.g., USNM 44133) 2 outer-lateral

scales are present in some but not all pol-

yps; and occasionally there are no outer-lat-

eral scales. Two opercular scales usually ar-

ticulate with the outer-lateral marginal, but

when the outer-lateral marginal is absent

(e.g., USNM 52942, 52944), the outer-lat-

eral marginal position is occupied by a wide

lateral expansion of the abaxial marginal,

with which 3 opercular scales articulate.

And in some cases, the absence of the out-

er-lateral marginal scale is compensated for

by the broadly rounded basal lobe of the

corresponding opercular scale as in USNM
52923 and 52944. The absence of the outer-

lateral marginal might be the result of fu-

sion of that scale with either the first or sec-

ond abaxial, or with the outer-lateral oper-

cular scale. Sometimes 1 or 2 additional

outer-lateral scales are present at the base

of the polyp (the outer-lateral 6 or 7 posi-

tion), disjunct from the marginal scales.

The entire outer surface off all body

scales and coenenchymal plates is delicate-

ly sculptured with more or less conspicuous

ridges that radiate from a central region and

sometimes anastomose, forming small po-

lygonal cells as in a honeycomb. The distal

edges of the body scales are finely serrate,

the result of prominent ridges on the under

side of the sclerite, but which do not extend

to the outer surface of the scale. These ridg-

es of the distal margin interlock with the

external ridges and grooves of the proximal

part of the next following scale. The inner

surface is also covered with complex tu-

bercles.

The opercular scales vary from nearly

flat to strongly incurved; the apical tooth

may be slender and rather sharp or stout

and blunt, but always has distinct longitu-

dinal ridges. The margins may be nearly

smooth, or more or less distinctly serrated,

especially along the slope of the apical
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Fig. 10. Sclerites of the holotype of Callogorgia gracilis: A-H, T, opercular scales (G are two adaxial

operculars; T developed in a disjunct fashion); J-S, adaxial scales showing characteristic reticulate sculpture (S

near base of polyp); I, two flattened coenenchymal rods. All views of external surface except figures B, I (lower),

L, O, and R. Scale bar applies to all figures.
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tooth. The outer face of the larger opercu-

lars may be somewhat concave on the base

of the apical tooth, but there is never a

sharp keel on the inner surface. The tenta-

cles contain numerous minute rods that

seem to have no practical taxonomic value.

Comparisons.—As Versluys (1906)

pointed out, C. gracilis resembles C. verti-

cillata of the eastern Atlantic and Mediter-

ranean Sea in the form of its polyps and

external sculpturing of its sclerites. Material

available to us is inadequate to determine

whether or not C. verticillata varies with

respect to these characters as much as does

C. gracilis. Certainly the specimen from

Meteor Bank provided by Dr. M. Grasshoff

differs from that illustrated by Carpine &
Grasshoff (1975: fig. 57) in much the same

way that two Caribbean specimens of grac-

ilis may differ.

From our own observations, C. verticil-

lata has 7-8 scales in the abaxial rows, 3-

4 in the outer-laterals, 2 in the inner-laterals,

and 1 in the adaxial rows. According to

Carpine & Grasshoff (1975), their material

had 8-10 abaxials, 8 outer-laterals, 4 inner-

laterals, and 2 adaxials. Versluys (1906) de-

scribed 8-9 abaxials, with well-developed

outer-lateral rows and the inner-laterals pre-

sent in unspecified numbers. It therefore is

clear that C. verticillata consistently differs

from gracilis by the presence of inner-lat-

eral scale rows and stronger development of

the outer-lateral rows. It may vary as exten-

sively as does C. gracilis, as Versluys'

(1906) account of C. grimaldii indeed sug-

gests.

Distribution.—An essentially insular dis-

tribution (Fig. 11) extending from the

northernmost Bahamas throughout the An-
tilles, and off Honduras; also Diaphus

Bank, Gulf of Mexico; 82-514 m.

Remarks.—A small fragment of the type

specimen in the Paris Museum was de-

scribed by Versluys (1906) to augment the

inadequate original description provided by

Milne Edwards & Haime. Another twig of

the type received through the kindness of

Mme. Marie-Jose d'Hondt agrees in all re-

spects with Versluys' description (1906)

and provides the basis for the accompany-

ing SEM micrographs of the polyps and

sclerites (Figs. 9-10). He established that

the species has 7 whorls of 2-4 polyps each

in 1 cm of axial length, 7 scales in the ab-

axial rows, and one in the outer-lateral

rows. Unfortunately, he illustrated only a

single coenenchymal scale, but no body

scales nor an intact polyp. We can confirm

Versluys' observations and present illustra-

tions of both polyps and isolated sclerites.

On our holotypic fragment (USNM 59095)

of a lateral branchlet there are 8 whorls of

polyps in 1 cm of twig length, and the

whorls consist of 3 polyps each. The polyps

(Fig. 9) have 6-8 body scales in the abaxial,

one only (the marginal) in the outer-lateral

rows; inner-lateral and adaxial rows often

are not represented. The arrangement of

body scales and the reticulate ornamenta-

tion of the sclerites mentioned by Versluys

are clearly revealed by SEM (Figs. 9-10).

The overlapping dentate distal margin of

the body scales is flared outward, exposing

the sharp internal crests leading to the mar-

ginal dentations. Complex tubercles cover

the inner surface of the body sclerites as

well as that part of the proximal margin

covered by the scale below. The coenen-

chymal sclerites are elongate, tapered flat

rods with reticulate outer ornamentation

and crowded tubercles on the inner surface;

broader scales as observed by Versluys are

present but uncommon on the distal twigs.

Kukenthal (1919, 1924) accepted the tax-

onomic characters recognized by Versluys

and incorporated them in his keys and de-

scriptions, and was followed by Deichmann

(1936). Verrill (unpub.), however, had ear-

lier observed among the Blake alcyonarians

five forms of Callogorgia, to which he as-

signed names in manuscript, one of them

C. gracilis (Milne Edwards & Haime). That

and one other were later refeired by Deich-

mann (1936) to C. gracilis and remain re-

ferable to that species as here defined. The

three others were lumped together under the
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Fig. 1 1 . Distribution of Callogorgia gracilis.

incorrect name C. verticillata, which she

derived from Kukenthal (1919, 1924).

Deichmann's (1936) illustrations of Cal-

logorgia gracilis do not adequately express

the characters mentioned in her description.

All 12 specimens of C. gracilis listed by

Deichmann (1936) have been examined by

SEM, five of them resembling the type

specimen (see synonymy). The other spec-

imens identified as C. gracilis by Deich-

mann and several identified by Bayer

(1961) as C. verticellata differ from the

type more noticeably and may fall outside

the range of individual variation. The most

conspicuous variation (but least subject to

analysis) is seen in the external sculpturing

of the sclerites. This varies by almost im-

perceptible gradations from the prominent

system of anastomosing raised ridges pre-

sent on both body and coenenchymal scales

of the type specimen, to the externally

smooth body scales and weak reticulated

wrinkling of the coenenchymal scales ob-

served in specimens from many localities.

The strength of the interlocking marginal

dentition, especially of the body scales,

varies along with the surface sculpture. Be-

cause of the continuous intergradation

among these variations, it has proved to be

impossible to divide Callogorgia gracilis

into subspecies. Taken collectively, Deich-

mann's specimens conform to the key char-

acters given and to the written description

of C gracilis. Taken individually, several

of the specimens could be regarded as dis-

tinct species. However, the morphological

characters are so subtle and the large num-
ber of specimens now available for study

includes so many intermediates that the

possibility of a morphological continuum
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cannot be ignored. Only after an intensive

analysis of a large number of specimens

from a wide geographic and bathymetric

range will it be possible to evaluate the sig-

nificance of these morphological differenc-

es.
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Abstract.—The lined sea anemone, Edwardsiella lineata (Verrill, 1873) is a

common inhabitant of shallow waters of the North Atlantic from Cape Cod to

Cape Hatteras. Its larval form, described as Edwardsia leidyi Verrill, 1898, is

an endoparasite of the ctenophore Mnemiopsis leidyi and has been identified

as the cause of sea-bather's itch. Although the biology and anatomy of the

larval form are well documented, the internal anatomy and histology of adults

has not been described. Confusion about the correct name for this species and

about the identity of adults that produce the larvae have made identifying and

monitoring this species difficult. In this study, I describe the anatomy of adult

members of E. lineata, synthesize existing accounts of its development and life

history, and detail the taxonomy of E. lineata and the genus Edwardsiella.

Edwardsiella lineata is the valid name
for the species called Fagesia lineata (Ver-

rill, 1873) and E. leidyi Verrill, 1898. Ed-

wardsia leidyi is the larval form of E. li-

neata (Crowell 1965, 1976). Although the

names of the larval and adult forms were

synonymized (Crowell 1965, 1976), the lar-

va continues to be cited as E. leidyi (e.g.,

Gosner 1979, Kremer 1976, Meinkoth

1995). Even publications that recognize the

synonymy fail to use the correct name for

the species (e.g., Oviatt & Kremer 1977,

Bumann & Puis 1996). Some of the no-

menclatural confusion is probably caused

by Crowell's (1976) acknowledgment that

the generic assignment given in the syn-

onymy was incorrect, as the genus Fagesia

was under revision at the time (see Manuel

1981).

Although the anatomy, ontogeny, and

ecology of the larval form are well char-

acterized (e.g., Mark 1884, Crowell 1976,

Crowell & Gates 1980, Bumann & Puis

1996), and the external anatomy of the

adult is known (Verrill 1873), the internal

anatomy and histology of adult E. lineata

are undocumented. The lack of information

about internal morphology, and the absence

of clear differential diagnoses for E. lineata

and other western North Atlantic species in

the family Edwardsiidae make identifica-

tion and documentation of E. lineata pop-

ulations difficult. Because E. lineata has

been linked to sea-bather's itch in the North

Atlantic (Freudenthal & Joseph 1992,

1993), documenting the distribution of this

species is especially important.

Materials and Methods

For this study, I examined both live and

preserved specimens of E. lineata. Live

material was purchased from Marine Bio-

logical Laboratory (Woods Hole. Massa-

chusetts); these specimens were collected

by SCUBA divers in Cape Cod Bay (E.

Enos, pers. comm.). Coloration and external

anatomy were recorded prior to fixation.

Freshly preserved material and museum
specimens from the Yale Peabody Museum
(YPM 7642 Al and YPM 8802) and the

United States National Museum. Smithson-
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ian Institution (USNM 53363) were used

for histological studies. Serial sections of

paraffin-embedded preserved specimens

were stained in Masson's Trichrome

(Schreibman 1964).

In the following discussion of anatomy,

"distal" refers to the oral disc and tenta-

cles, "proximal" to the aboral end. The
terms "dorsal" and "ventral" are used to

describe the orientation of the retractor

muscles and mesenteries (e.g., Carlgren

1921, Stephenson 1935, England 1987);

more recent descriptions of actiniarian anat-

omy employ "sulcular" rather than dorsal,

and "sulcar," rather than ventral (e.g., Sta-

chowitsch 1992). I use the older terminol-

ogy to facilitate comparison with descrip-

tions of other edwardsiids; in no way is the

use of the terms dorsal or ventral meant to

homologize the longitudinal axis of actini-

arians with that of bilaterians.

Cnidae preparations were made by

squashing approximately 1 .0 mm^ of tissue

on a slide. Smears were prepared from ten-

tacle, actinopharynx, mesenterial filament,

and capitulum tissues from several individ-

uals. Tissue smears were examined at

lOOOX magnification with differential in-

terference optics. ScanPro measurement
software (Jandel Scientific Software) was

used to measure the length and width of

undischarged cnidae capsules projected

onto a Summa Sketch digitizing pad tablet

(Summagraphics). Cnidae nomenclature

follows Mariscal (1974).

Cnidae presentation is modified from

Dunn et al. (1980). The capsule with the

smallest (or greatest) width is generally not

the capsule with the smallest (or greatest)

length. Summarizing the range using four

measurements, providing a length by width

range, as is typical in cnidarian taxonomy,

is imprecise (Fautin 1988) and can imply

capsule sizes not observed. I present the

range by citing the size of the shortest, nar-

rowest, longest, and widest capsule sepa-

rately. The sizes of these capsules define a

space that includes the size coordinates of

all observed cnidae.

Systematic Account

Family Edwardsiidae Andres, 1883

Genus Edwardsiella Andres, 1883

Edwardsiidae with column differentiated

into capitulum, scapus, and scapulus, three

or more cycles of tentacles. Tentacles hex-

amerously arranged, those of innermost cy-

cle longest. Capitulum with ridges; nema-

tocysts of capitulum concentrated on ridges.

Scapus bears periderm but lacks nemathy-

bomes and tenaculi. Aboral end not differ-

entiated into a physa. Ciliated tracts of fil-

ament short, discontinuous (modified from

Stephenson 1935, Carlgren 1949, Manuel

1981).

Edwardsiella lineata (Verrill, 1873)

Figs. 1-3

Edwardsia lineata Verrill, 1873:421.—Ver-

rill & Smith, 1874:445.—Parker, 1900:

750.—Hargitt, 1912:248.—Miner, 1950:

198.—Williams, 1981:350.

Edwardsia leidyi Verrill, 1898:496.—Park-

er, 1900:750.—Hargitt, 1912:248.—Min-

er, 1950:198.—Gosner, 1971:154.—Kre-

mer, 1976:213—Oviatt & Kremer, 1977:

236.—Gosner, 1979:95.—Williams,
1981:349.

Edwardsia sp. Verrill & Smith, 1874:

504.—Mark, 1884: pi. xii.

Edwardsiella lineata Pratt, 1935:151.

—

Freudenthal & Joseph, 1992:101; 1993:

542.

Edwardsia sp. Mark Carlgren, 1949:23.

Fagesia lineata Carlgren, 1949:25.—Gos-

ner, 1971:153.—Crowell, 1976:247.—
Crowell & Gates, 1980:139.—Sebens,

1998:20.—Williams, 1981:350.—Shick,
1991:253.—Meinkoth, 1995:352.—
Weiss, 1995:4.14.

Adult external morphology.—Body
translucent white, with pale tan lines indi-

cating mesenterial insertions. Mesenterial

compartments proximal to capitulum

streaked with opaque white. Oral cone

prominent, opaque white. Tentacles margin-

al, filiform, 18-36, in 2-3 cycles, 6 tenta-
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Fig. L External anatomy of preserved specimen of Echvardsiello lineata (USNM 53363). Scale bar = 3.0 mm.
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cles of innermost cycle longest. Tentacles

translucent white with opaque white flecks,

each may bear longitudinal opaque mark on

oral side.

Column 10-30 mm long, 2-5 mm in di-

ameter, divisible into 2 distinct regions:

short, ridged, capitulum and long, smooth,

scapus covered by rough periderm of mu-

cus, detritus, and sand grains (Fig. 1). Peri-

derm sheath-like, not attached to column by

suckers or tenaculi, extending from scapus

to aboral end; contracted specimens appear

entirely enclosed by periderm. Aboral end

not ampullaceous, instead tapering or

slightly rounded, with rugae, but without

cinclides or central invagination.

Internal anatomy.—Actinopharynx tan,

partially visible through body wall. Six

pairs mesenteries in primary cycle: two

pairs of directives and four pairs, each of

which has one member complete and fertile

(= macrocneme) and one member minute,

imperfect, sterile (= microcneme). Second-

ary and tertiary cycles, when present, mi-

crocnemous; all microcnemes restricted to

distal capitulum. Single ventral siphonog-

lyph. Trilobed ciliated filaments short, dis-

continuous, present in region proximal to

actinopharynx and in reproductive tract;

gonochoric, oviparous.

Retractor muscles large, circumscript,

convex (Fig. 2A, B), with closely spaced

branches of variable height on both sides of

mesenterial lamella. Retractor branch

height generally decreases toward coelen-

teron; branches both simple and ramified,

with ramified branches toward edges of

muscle (Fig. 2A, C). Parietal muscle strong,

circumscript, symmetrical, trefoil-shaped,

with central mesogleal lamella thicker than

lateral branches. Fibers of parietal muscle

extend onto body wall, beyond profile of

lower parietal branches.

Ectoderm of scapus columnar, glandular,

with groups of basitrichs. Thickness of me-
soglea and ectoderm varies in capitulum:

mesoglea and ectoderm thickest in center of

mesenterial compartment, tapering towards

mesenteries, forming capitular ridges. Ec-

toderm contains thin processes of mesoglea.

Cnidom.—Spirocysts, microbasic Z^-mas-

tigophores, basitrichs, and microbasic

/7-mastigophores (Fig. 3). See Table 1 for

distribution and size information.

Larval morphology.—Young larva pink-

ish-tan, ciliated. Shape very changeable,

most commonly ovoid, can be spheroid or

vermiform. Parasitic juvenile 2.0—3.0 mm
long, approximately 1 mm in diameter,

translucent pink, with 4-8 tentacles (Mark

1884, Crowell 1976). Larva becomes short-

er and thicker after leaving host (Mark

1884, Crowell 1976).

Development, distribution, and natural

history.—Although position of each mesen-

tery in larval coelenteron prefigured by fur-

row in endoderm (Mark 1884), mesenteries

develop from evaginations of endoderm

(Mark 1884). Mesenterial folds ciliated.

Ventrolateral mesenterial pairs arise first,

followed by dorsolateral, ventral and dorsal

mesenteries (Mark 1884). Mesenteries more

developed distally than proximally. Muscles

develop after all pairs present (Mark 1884).

Found along North Atlantic coast of

North America, from Cape Cod, Massachu-

setts to Cape Hatteras, North Carolina. Lit-

toral to sublittoral. Adults commonly inhab-

it rock crevices, Zostera root mats, or bore-

holes created by mollusks, worms, or

sponges. Groups of E. lineata form mat-like

"colonies," with individuals sharing peri-

derm. Adults asexually reproduce through

transverse fission (Crowell & Oates 1980).

Juvenile E. lineata parasitize the cteno-

phore Mnemiopsis leidyi (see Crowell 1965,

1976). Multiple larvae infest a single host.

Larvae enter the ctenophore through the ec-

toderm and migrate through the canal sys-

tem and mesoglea to the pharynx (Crowell

1976, Bumann & Puis 1996). The oral end

of the larva protrudes into the stomodeum

of host (Crowell 1976, Bumann & Puis

1996); the larva removes food passing

through host pharynx.
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ma>' ..

Fig. 2. Internal anatomy of Edwardsiella lineata. A. Cross section through column midline. B. Cross section

through retractor muscle. C. Cross section through parietal muscle. Scale bars: A = 200 |xm; B, C = 50 jjim.

Discussion

Taxonomy.—The taxonomic history of

the genus Edwardsiella is extremely con-

voluted. Andres (1883) erected Edward-
siella for edwardsiids with 20 or more ten-

tacles. He listed the nominal species in no

apparent order and did not name or imply

a type species. Carlgren (1892. 1893) de-

scribed a new genus, Milne-Edwardsia (lat-

er spelled Milneedwardsia), and altered the

definitions of Edwardsia and Edwardsiella

to emphasize tentacle arrangement and the

arrangement of nemathybomes (nemato-

cyst-filled hollows in the ectoderm and me-

soglea). According to Carlgren (1892,
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Fig. 3. Representative cnidae from Edwardsiella lineata. (Refer to Table 1 for specific size information.) A.

Spirocyst. B. Microbasic Zj-mastigophore. C. Basitrich. D. Microbasic p-mastigophore. E. Microbasic ii-mastig-

ophore. F. Basitrich. Shape of these basitrichs varies from s-curve to straight. Scale bar = 20 iJim.

1893), Edwardsiella and Edwardsia were

characterized by nemathybomes and octa-

merously arrayed tentacles; Milneedward-

sia had no nemathybomes and had hexam-

erously arrayed tentacles. Edwardsiella dif-

fered from Edwardsia in tentacle number
and nemathybome arrangement (Carlgren

1893). Although Carlgren's (1892, 1893)

definition of Edwardsiella was followed by

a few authors (e.g., McMurrich 1913, Ver-

rill 1928), the name was generally not used.

Carlgren (1921) later submerged Edward-

siella within Edwardsia.

Milneedwardsia was found to be preoc-

cupied, and the genus was renamed Fagesia

(Delphy, 1938). In his catalog of Actiniaria,

Corallimorpharia, and Ptychodactiaria,

Carlgren (1949) listed Milne-Edwardsia
loveni as the type of Fagesia. However, in

the earlier of Carlgren's two descriptions

for Milneedwardsia, M. loveni is a nomen
nudum. Edwardsia carnea Gosse, 1 856 was

the only valid species in Milneedwardsia at

the time of description and is, therefore, its

type species by monotypy.

In the time between the description of

Milneedwardsia and the discovery that Fa-

gesia was preoccupied, the four species ini-

tially assigned to Edwardsiella were trans-

ferred to other genera or synonymized, and

the name fell out of general use. In his

monograph on British anthozoans, Manuel

(1981) resurrected Edwardsiella as a re-

placement name for Fagesia, and named E.

carnea as the type of Edwardsiella Andres,

1883. Although Manuel cited monotypy as

the rationale for this action (because E. car-

nea was the last species left in Edwardsiel-

la), it is actually type fixation due to sub-

sequent elimination. Although subsequent
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elimination is not sufficient for elevating a

species to type status, Manuel's declaration

of E. carnea as the type, coupled with sub-

sequent elimination, is a valid type desig-

nation (Articles 6.9.1 and 6.9.4; ICZN
1999). Because E. carnea is also the type

of Milneedwardsia, Edwardsiella is the se-

nior objective synonym for Milneedwardsia

and Fagesia. Edwardsiella comprises five

nominal species: E. carnea (Gosse, 1856),

E. ignota (Carlgren, 1959), E. janthina (An-

dres, 1881), E. lineata (Verrill, 1873), and

E. loveni (Carlgren, 1893).

The combination Edwardsiella lineata

has been used three times. This combina-

tion has not appeared in any general taxo-

nomic, ecological, or experimental publi-

cation. The first citation of the correct com-

bination was based on a misinterpretation

of the literature. Pratt (1935) placed E. li-

neata in Edwardsiella based on Andres'

(1883) generic criteria, rather than follow-

ing Carlgren's (1892, 1893) redefinition.

The more recent uses appeared in medical

journals (Freudenthal & Joseph 1992, 1993)

and have not been cited by taxonomic

workers.

Similar species.—Members of the family

Edwardsiidae can be distinguished from

most other sea anemones by their long, thin

column, and by the number and arrange-,

ment of mesenteries. Edwardsiid adults

have eight fertile, perfect macrocnemes and

a variable number of imperfect, minute mi-

crocnemes just below the oral disc. Ed-

wardsiella is the only genus of Edwardsi-

idae whose members generally do not bur-

row; members of this genus typically live

in crevices, in dead coral skeletons, or in

mats on the substrate. Edwardsiella lineata

is the only North American species of Ed-

wardsiella. It shares a ridged capitulum, ta-

pering aboral end, periderm-covered col-

umn, and relatively wide nematocysts in the

tentacles with other species of Edwardsiel-

la.

Three species of edwardsiids co-occur

with Edwardsiella lineata in the western

North Atlantic: Edwardsia elegans Verrill,
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1869, Nematostella vectensis Stephenson,

1935, and Drillactis pallida (Verrill, 1880).

Edwardsia elegans normally has 16 tenta-

cles; Edwardsiella lineata has 18 or more.

These two species can be further distin-

guished by differences in column morphol-

ogy. Edwardsia elegans has an unridged ca-

pitulum, conspicuous nemathybomes on the

middle and lower column, and a naked, bul-

bous aboral end; Edwardsiella lineata has

a ridged capitulum, a smooth mid and lower

column, and a tapering, periderm-covered

aboral end. Nematostella vectensis and E.

lineata differ in tentacle number, size, and

color: A^. vectensis has 16 tentacles and is

generally small (<10 mm), opalescent

white or translucent. Furthermore, the coe-

lenteron of A^. vectensis contains nemato-

somes, ciliated spherical nematocyst bodies

(Stephenson 1935). Drillactis pallida,

which has been reported only once (the

specimens cited in Verrill 1928 and Carl-

gren 1950 are from the type collection, de-

scribed in Verrill 1880), is similar in size

and external appearance to E. lineata. How-
ever, in D. pallida, the inner tentacles are

shorter than the outer tentacles and the re-

tractor muscles are smaller and less com-

plex than those of E. lineata. Furthermore,

D. pallida lacks nematocysts on the capit-

ulum, and possesses nematosomes (pers.

obs.).

Unusual aspects of the species.—The
mesenterial filaments of E. lineata contain

long, thin basitrichs (Fig. 3F, called pencilli

B, by den Hartog 1987).

Although these nematocysts are recorded

from other actiniarians (e.g.. Hand 1955,

den Hartog 1987, Belem & Pinto 1990,

Riemann-Ziimeck & Gallardo 1990), they

have not been reported in Edwardsiidae,

and their distribution in the Actiniaria is

poorly understood. Because these basitrichs

are more rare than other types of cnidae in

the filament, and are unlike other nemato-

cysts in general shape, they may have been

overlooked in other species. Furthermore,

these nematocysts are often broken or bent

in squash preparations, making it less likely

that they will be recognized and recorded.

The life history of Edwardsiella lineata

has two unusual features: parasitism and

transverse fission. Parasitism on medusae is

seen in several burrowing anemones. Spe-

cies in the genus Peachia (family Haloclav-

idae) parasitize hydromedusae (Nyholm
1949, Spaulding 1972); in fact, Carigren

(1949) regarded this as a diagnostic feature

of Peachia. Edwardsiella lineata is the only

edwardsiid known to parasitize medusae,

although larvae of E. carnea may be asso-

ciated with the ctenophore Bolinopsis (see

Stephenson 1935).

Transverse fission is reported in only a

few actiniarians, including the edwardsiid

Nematostella vectensis (Crowell & Oates

1980, Shick 1991, Hand & Uhlinger 1992).

Members of no other edwardsiid species are

known to undergo regular asexual repro-

duction. Individuals of both Edwardsiella

lineata and N. vectensis often live in dense

aggregations (pers. obs., Crowell & Oates

1980, Hand & Uhlinger 1994), presumably

the result of asexual reproduction. The dis-

persal ability afforded E. lineata larvae by

the association with ctenophores may be es-

pecially important because of the tendency

of this species to form dense mats that cov-

er locally available substrate.

Edwardsiella lineata has been suggested

as a possible biocontrol agent for Mne-
miopsis leidyi introduced into the Black

Sea. Edwardsiella lineata compromises
growth and survival of M. leidyi and may
have a long-term effect on the population

size of M. leidyi (Crowell 1976, Kremer
1976, Bumann & Puis 1996). However, the

life history of E. lineata suggests that an

introduction of this species may have un-

desirable consequences. The larvae cause

sea-bather's eruption, an unpleasant der-

matitis that may render beaches temporarily

unfit for recreational use (Freudenthal & Jo-

seph 1993). Predators of adult E. lineata are

unknown, as is the role this species plays

in the ecology of benthic communities. Be-

cause E. lineata is capable of asexual re-
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production and tends to occur in high num-
bers when present, this species could itself

become invasive, compounding the prob-

lem of introduced species in the Black Sea,

rather than solving it.
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New species of Mikania from Ecuador (Eupatorieae: Asteraceae)
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Abstract.—Mikania campii, M. discifera, M. dodsonii, M. farsiliflora, M.

fosbergii, M. gunnarii, M. houstonioides, M. matezkii, M. ollgaardii, M. pruskii,

M. rimbachioides, M. sparrei, M. websteri, and M. yanacochensis, M. zamorae

are described as entirely new and M. psylobothrya Sodiro, nom. nud., is vali-

dated.

The need for a treatment of Mikania for

the Flora of Ecuador has led to a collabo-

rative effort by the two authors. The coau-

thored treatment, covering the 59 species

found in Ecuador will appear in the Flora

as part of the treatment of the Eupatorieae

by the senior author.

Mikania has more species than any other

genus recognized at present in the Eupato-

rieae (King & Robinson 1987). It is a nat-

ural group easily distinguished by the heads

with consistently four involucral bracts and

four florets. The heads also characteristi-

cally have a subinvolucral bract that is

sometimes slightly removed from the in-

volucre in the middle or at the base of a

short peduncle. Mikania can be distin-

guished from the few species of Ophryos-

porus Meyen that have four involucral

bracts and four florets by the appendages of

the anthers that are as long as wide and by

the lack of broadened knobs on the tips of

the style branches.

An unusually large number of Ecuador-

ian species of Mikania have a stipule-like

flap or series of lobules on the stem nodes.

These herbaceous flaps often completely

surround the node to from a disk. The co-

rollas of Mikania are highly variable in

form. The basal tube may be short or very

long, the limb may be narrowly to broadly

campanulate or may have the basal part of

the throat as narrow as the tube and exter-

nally appearing to be part of the tube. The

lobes can be short or be narrow and divided

to more than half the length of the limb.

The inner surface of the throat can have the

epidermis expanding more than the outer

epidermis with resulting transverse wrin-

kles or undulations. The style is also vari-

able, the base and shaft usually being

smooth but sometimes having papillae or

long hairs.

The previous treatment of the genus Mi-

kania in Ecuador was by B. L. Robinson

(1922). A more recent treatment has been

done for adjacent Peru by Holmes and

McDaniel (1982). There have been a few

recent descriptions of species from Ecuador

such as M. ecuadoriensis W. C. Holmes &
McDaniel (1975) and M. palmata Pruski &
W. C. Holmes (2000). These studies had left

much undone. The present paper validates

16 new species of Mikania that have been

recognized in this study of the genus for the

Flora and Ecuador.

Mikania campii H. Rob. &
W. C. Holmes, sp. nov.

Fig. 1

Type.—Ecuador. Chimborazo/Cariar bor-

der: western escarpment, near Pimo,

10,200-10,400 ft. [ca. 31 10-3170 m], 9 Jul

1945, Camp E-4149 (holotype US, isotypes

NY, S).
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Ad M. leiostachyam similis sed in nodis

disciferis differt.

Flexuous, rather woody, moderately

branched vines; stems brown to castaneous,

subhexagonal, striated, puberulous, espe-

cially near nodes, glabrate; nodes with her-

baceous, sinuously and densely ciliately

margined disks; internodes 3—16 cm long,

fistulose. Leaves opposite, petioles 1.0-3.5

cm long; blades herbaceous, deep green

adaxially, bright green abaxially, narrowly

ovate to nearly lanceolate, 6-11 cm long,

2.0-4.8 cm wide, base obtuse to rounded,

margins remotely and minutely cuspidate-

denticulate, apex narrowly acuminate, ad-

axial surface essentially glabrous, with

prominulous veinlets, abaxial surface mi-

nutely puberulous, mostly on veins, with

dense glandular dots; venation pinnate-sub-

triplinervate, with 2 pairs of strong subpar-

allel arching secondary veins from near

base and from 5-15 mm above base spread-

ing at a 35-40° angle, upper pair reaching

distal fifth of blade near margin. Inflores-

cence an elongate thyrsoid panicle with

thyrsoid branches and densely spiciform

branch tips and branchlets; branches puber-

ulous to tomentellous; primary bracts foli-

iform, decrescent distally to only 1.5 cm
long; distal bracts and bracteoles linear, 5-

6 mm long. Heads ca. 7 mm high; subin-

volucral bract ovate, ca. 1.5 mm long; in-

volucral bracts oblong, ca. 3.5 mm long,

1.0—1.2 mm wide, with membranaceous

rounded apices, moderately gibbous at base,

densely puberulous outside and fringed on

margins and apices. Florets with corollas

whitish to pale greenish yellow, 3.5-4.0

mm long, with many minute glands outside,

basal tube ca. 1.5 mm long, broadened

above, throat broadly campanulate, not

abrupt at base, 1.5 mm long, without trans-

verse undulating folds on interior surface,

lobes somewhat incurved, broadly triangu-

lar, ca. 0.7 mm long and wide, with cluster

of small hairs at tip, cells subquadrate; an-

ther thecae pale, ca. 1 mm long; apical ap-

pendage oblong-ovate, ca. 0.2 mm long and

wide; style base smooth; style branches

with short papillae. Achenes ca. 3 mm long,

5-costate, with minute glandular dots on
sides; pappus sordid whitish, ca. 4 mm
long, of 30-35 capillary bristles, slightly

broadened at nearly smooth tips.

Paratype.—Ecuador. Azuay: Sevilla de

Oro, old road 10-12 km N of the village,

02°26'S, 78°37'W, 2750-2850 m, 11 Sep

1976, 0llgaard & Balslev 9327 (AAU,
US).

Mikania campii is known only from

2500-3200 m in southcentral Ecuador.

Habitat cited for the Azuay specimen is in

a west-exposed montane forest, on an over-

grown road and old road banks. Camp de-

scribed the corollas as inflated, at first

white, later pale greenish yellow. The spe-

cies resembles M. leiostachya Benth. or M.

houstoniana (L.) B. L. Rob.; but it has ex-

panded, herbaceous, stipule-like disks on

the nodes of the stems and lacks undula-

tions on the interior surface of the corolla

throat.

Mikania discifera W. C. Holmes &
H. Rob., sp. nov.

Fig. 2

Type.—Ecuador. Carchi: Cerro Golodri-

nas, valley bottom ca. 1 km NNE of sum-

mit, 00°15'38"N, 78°08'14"W, 2740 m, 20

Jul 1994, Boyle, Boyle, Bradford, & Skin-

ner 3337 (holotype US, isotype MO).
In nodis disciferis, laminis foliorum lan-

ceolatis triplinervatis, inflorescentiis laxe

thyrsoideis et in corollis purpureis distincta.

Herbaceous, moderately branched, twin-

ing vine; stems yellowish green, terete,

weakly striated, sparsely and minutely pu-

berulous, glabrate; nodes with large, mostly

glabrous, herbaceous, stipule-like discs

with short-toothed and ciliated maigins; in-

ternodes to 15 cm long, narrowly fistulose.

Leaves opposite, petioles slender, mostly 1-

3 cm long; blades stiffly herbaceous, sub-

carnose, lanceolate, mostly 5.5-10.5 cm
long, 1.4-3.2 cm wide, base subtruncate in

larger leaves, cuneate in distal leaves, mar-

gins rather remotely seiTulate, apex cau-
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date-acuminate, surfaces glabrous; tripliner-

vate from near base, secondary veins

spreading at 20-30° angle, veinlets not ev-

ident. Inflorescence an elongate and rather

pyramidal thyrsoid panicle with laxly thyr-

soid branches; branches puberulous; basal

primary bracts narrowly foliiform, with pet-

ioles ca. 3 mm long and blades ca. 3 cm
long or smaller; distal bracts and bracteoles

linear, 3—4 mm long; peduncles 4-8 mm
long, puberulous. Heads ca. 6 mm long;

subinvolucral bracts at base of peduncle,

linear, 2.5—3.0 mm long; involucral bracts

oblong, ca. 3 mm high, 1 mm wide, apices

short-acute, bases narrowly gibbous, mar-

gins minutely fringed, glabrous outside.

Florets with corollas purple, with glands

mostly on base of throat and outside of

lobes, 3.5-3.7 mm long, basal tube narrow,

ca. 1 mm long, throat abruptly campanulate,

broadly cylindrical, 1 .7-2.0 mm long, lobes

erect, broadly triangular, ca. 0.7 mm long,

0.8 mm wide, with many glands, margins

with dense short papillae, cells subquadrate;

anther thecae brownish, 1.0—1.2 mm long;

apical appendages rounded, ca. 0.1 mm
long; style base smooth; style branches with

short papillae. Achenes ca. 2.5 mm long, 5-

costate, with scattered glandular dots; pap-

pus sordid white to yellowish, ca. 3.5 mm
long, of ca. 45 capillary bristles, scarcely

broadened distally.

Mikania discifera is known only from the

type collection. The cited habitat is mossy
upper montane forest with tall trees to 30

m high, near creek margin, stunted elfin for-

est on ridge crest. The combination of nodal

discs, lanceolate leaves, and loosely thyr-

soid inflorescences distinquish the species.

The flowers are said to be entirely purple

which would also distinguish the species

from most members of the genus with thyr-

soid inflorescences.

Mikania dodsonii H. Rob. &
W. C. Holmes, sp. nov.

Fig. 3

Type.—Ecuador Napo: km 2, carretera

nueva Cotundo-Coca, coleciones desde un

lote de montana virgin cortada el dia ante-

rior, 1130 m, 5 Aug 1984, Dodson, Gentry,

Palacios, & Zaruma 15047 (holotype US,

isotype MO).
In nodis disciferis, in laminis foliorum

lanceolatis pinnatinervatis, in columnis sty-

lorum dense hirtellis et in corollis albis dis-

tincta.

Twining, herbaceous, moderately branched

vines; stems greenish, terete, weakly stri-

ated, glabrous; nodes with rounded sharply

toothed discs, glabrous or with few margin-

al hairs; internodes to 19 cm long, fistulose.

Leaves opposite, petioles slender, 5—7 cm
long; blades membranaceous, lanceolate, to

16 cm long, base widely obtuse to subtrun-

cate, abruptly curving into remotely serru-

late margins, apex gradually and narrowly

long-acuminate, adaxial surface green, very

sparsely pilosulous, abaxial surface ob-

scurely purple; venation pinnate, with ca.

four pairs of widely spaced secondary veins

spreading at 60-85° angle. Inflorescence

mostly axillary, short and rounded thyrsoid

with corymbiform tip and branches;

branches brownish puberulous; primary

bracts foliiform, with blades 2.0-4.5 cm
long; peduncles 5-7 mm long. Heads sub-

mature, in groups of three or four, ca. 7 mm
high; subinvolucral bract of central head at

base of peduncle, to 6 mm long, 2 mm
wide, bracts of lateral heads on peduncles,

linear lanceolate, 5-6 mm long; involucral

bracts oblong-elliptical, 6-7 mm long, ca.

1.3 mm wide, obtuse and mucronate at tips,

moderately gibbous at base, glabrous out-

side. Florets with corollas whitish, 5.0-5.3

mm long, basal tube cylindrical, ca. 2 mm
long, base of throat a continuation of cylin-

drical tube, ca. 1 mm long, distal throat nar-

rowly funnelform, ca. 1 mm long, lobes ap-

pearing lanceolate, ca. 1 mm long, with

many small hairs and glands distally, mar-

gins with few papillae, cells appearing

short-oblong; anther thecae pale brownish,

ca. 1 .3 mm long; apical appendage broadly

oblong, ca. 0.2 mm long; style shaft densely

hirtellous from near base to above middle

with weakly septate hairs; style branches
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with short papillae. Achenes submature, ca.

2 mm long, 5-costate, with hairs mostly

near base and apex; pappus whitish, ca. 5

mm long, of ca. 100 capillary bristles in ca.

two series, not noticeably broadened at tips.

Mikania dodsonii is known only from the

type collection. It can be distinguished by

the combination of nodal discs and lance-

olate leaves with pinnate venation. Even

more distinctive is the hirtellous shaft of the

style, a characteristic seen only in dissec-

tion. The florets are somewhat immature,

and the fully expanded shape of the corolla,

the form of the lobes, and the size of the

mature achenes is uncertain.

Mikania farsiliflora H. Rob. &
W. C. Holmes, sp. nov.

Fig. 4

Type.—Ecuador. Pastaza: Pastaza Can-

ton, Colonia La Independencia, 30 km E of

Puyo, proposed ARCO petroleum facility,

01°22'S, 77°45'W, 1000 m, 6 Sep 1997,

Neill, Alvarez, Freire, & Vargas 10909 (ho-

lotype US, isotypes MO, QCNE).
In inflorescentiis elongatis dense corym-

biformiter ramosis, faucibus corollarum

quam tubis non latioribus et in lobis cor-

ollarum angustis distincta.

Rather woody vine, moderately to dense-

ly branching at 80—90° angle; stems brown,

terete to subhexagonal, glabrous; nodes

with only a transverse line; intemodes 4.5-

11.0 cm long, with solid pith. Leaves op-

posite, petioles 0.8-1.5 cm long; blades stiff-

ly herbaceous, broadly elliptical, 3-8 cm
long, 1.5-3.5 cm wide, base short-cuneate,

slightly acuminate, margins entire or sub-

entire, apex short-acute, adaxial surface pi-

losulous, abaxial surface glabrous, with nu-

merous, minute, dark, glandular dots; ve-

nation trinervate to subtrinervate-pinnate,

pair of secondary veins nearest base weak,

stronger scarcely arching pair 0.7-1.4 cm
above base, spreading at 25-30° angle. In-

florescences short, cylindrically to pyrami-

dally thyrsoid panicles with spreading thyr-

soid branches and densely corymbiform

branchlets; branches puberulous; bracts and

bracteoles nearly linear, 4—6 mm long; pe-

duncles 0-2 mm long. Heads ca. 8 mm
high, in groups of three or four, lateral

heads pedunculate, central heads sessile;

subinvolucral bracts lanceolate, ca. 3 mm
long, glabrous; involucral bracts ca. 6 mm
long, 1 mm wide, short-acute at tips, dis-

tinctly gibbous at base, glabrous outside.

Florets with corollas whitish, ca. 5 mm
long, glabrous, narrowly funnelform from

base, weakly delimited basal tube ca. 2 mm
long, throat ca. 2.5 mm long, narrowly tri-

angular lobes, erect, ca. 0.5 mm long, mar-

gins smooth, cells narrow, oblong; anther

thecae pale, ca. 1.2 mm long; apical ap-

pendage oblong-ovate, ca. 0.25 mm long;

style base smooth; style branches with short

papillae. Achenes ca. 2.7 mm long, 5-cos-

tate, glabrous; pappus sordid whitish, ca.

5.5 mm long, of 50-55 slender, capillary

bristles, slightly broadened distally.

Paratype.—Ecuador. Napo: 8 km W of

Lumbaque on Quito—Lago Agrio road, 5

km N of highway, edge of Cayambe-Coca
National Park, 00°02'N, 77°25'W, 500 m,

21 Jul 1986, Gentry & Miller 54946 (MO,
US).

Mikania farsiliflora is at present known
only from two collections from the Ama-
zonian side of the Andes in northern Ec-

uador. The species is distinct from other

species in Ecuador and from most species

in the genus by the rather elongate inflores-

cence with many compact, corymbiform

clusters of heads. The narrow corollas with

narrow lobes and without change of shape

between basal tube and throat are also un-

usual.

Mikania fosbergii H. Rob. &
W. C. Holmes, sp. nov.

Fig. 5

Type.—Ecuadoi-. Loja: Rfo Catamayo
drainage, Ridge between Quebrada Amar-

illa and Q. Agua Corra, E slope of Cordil-

lera de Santa Rosa, Hacienda Guaycopam-

ba, 21 km S of Vilcabamba, 04°27'S,
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79°13'W, 2770 m, 16 Feb 1945, Fosberg &
Giler 23103 (holotype US).

In habitis erectis vel suberectis et in cor-

ollis interne papillosis distincta.

Sparingly branched, erect or reclining

plants to 0.5-0.6 m tall, woody at base;

stems brown, terete, not or scarcely striated,

somewhat retrorsely hirsutulous, with glan-

dular dots; nodes with only transverse line;

internodes very short at base, becoming 4-

5 cm long distally, last internode below in-

florescence longest, ca. 8 cm long, fistulose.

Leaves opposite, petioles 1-2 mm long;

blades appearing sessile or subsessile,

thickly herbaceous to subcoriaceous, broad-

ly ovate, mostly 2.0-4.5 cm long, 1.5-4.0

cm wide, base generally subtruncate, slight-

ly and broadly acuminate at petiole, mar-

gins with 5-10 broad teeth, apex short-

acute, both surfaces with numerous glan-

dular dots, adaxial surface densely pilose to

hirsutulous, abaxial surface hirsutulous

mostly on veins and veinlets; triplinervate

from base of blade, secondary veins spread-

ing at 25-30° angle, not connivent above.

Inflorescence terminal on stem or branches,

broadly corymbiform, to 4.5 cm high, 7-12

cm wide; branches densely hirsutulous;

with foliiform bracts subtending lowest

branches, branchlets appearing bractless;

heads in groups of three, median usually

sessile; peduncles 0-3 mm long, hirtellous.

Heads ca. 10 mm high; subinvolucral bract

narrowly spathulate, 4-6 mm long, hirtel-

lous; involucral bracts oblong, 5-6 mm
long, ca. 1.5 mm wide, apices rounded,

base narrowly gibbous, hirtellous and with

numerous glandular dots outside. Florets

with corollas pinkish white, narrowly fun-

nelform, ca. 7 mm long, mostly glabrous,

basal tube narrow, ca. 2 mm long, throat ca.

3 mm long, lobes triangular, ca. 1.5 mm
long, ca. 1 mm wide, with few glandular

dots outside, inside papillose across entire

surface; anther thecae pale reddish, ca. 2

mm long; apical appendage oblong-ovate,

ca. 0.3 mm long; style base smooth; style

branches with short, distinct papillae.

Achenes ca. 3 mm long, 5-costate, pappus

sordid whitish, 4.5-5.5 mm long, of ca. 60

capillary bristles, not broadened distally.

Mikania fosbergii is known only from

the type collection which is marked as a

unicate. The type locality is on an open

brushy rocky ridge at ca. 2770 m elevation

close to Peru. The species may be the only

non-scandent Mikania in the Andean re-

gion. The species is also unusual in the

completely papillose inner surface of the

corolla lobes. The lack of bracts at the me-

dian nodes of the inflorescences is also un-

usual.

Mikania gunnarii H. Rob. &
W. C. Holmes, sp. nov.

Fig. 6

Type.—Ecuador. Azuay: road Sigsig-

Chigiiinda, Paramos de Matanga, immedi-

ately N of pass, 3300 m, 9 Nov 1988, Mar-

ling 25787 (holotype US, isotype GB).

Ad M. violascentem similis sed in super-

ficiis adaxialibus laminarum uniformiter pi-

losis, in superficiis abaxialibus non glan-

dulo-punctatis, in faucibus corollarum brev-

ibus et in tubis et lobis corollarum elongatis

differt.

Rather coarse flexuous branching vines;

stems brownish, terete, striated, hirsute with

usually reddish hairs, hairs usually rather

stiff, sometimes brownish; nodes with

transverse ridge usually bearing small- to

moderate-sized lobules; internodes mostly

4-9 cm long, narrowly fistulose. Leaves op-

posite, petioles 5-10 mm long; blades her-

baceous, ovate, 1.3-3.5 mm long and wide,

base mostly rounded or subtruncate, in larg-

est primary leaves strongly cordate, mar-

gins coarsely serrate to lobulate, narrowly

and distinctly reflexed, apex obtuse to

short-acute, adaxial surface evenly and

strongly pilose, abaxial surface densely hir-

sute on veins with pale or reddish hairs,

without evident glandular dots; triplinervate

from or near base, secondary veins spread-

ing at 40-50° angle, along margins in basal

acumination. Inflorescences of groups of

short lateral branches at tips or in middle of
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leafy stems, spreading at ca. 90° angle, end-

ing in dense corymbiform clusters; bracts

foliiform, largest with petioles 5 mm long,

blades ca. 12 mm long and wide, much re-

duced on branchlets with blades ca. 5 mm
long; peduncles 1-5 mm long, hirtellous

with reddish hairs. Heads mostly in groups

of three, 10-12 mm high; subinvolucral

bracts on lateral peduncles or at base of

middle peduncle, narrowly elliptical, 4-6

mm long, obtuse to short-acute, hirtellous

on margins and below on midvein; involu-

cral bracts often reddish, narrowly oblong-

lanceolate, 8-9 mm long, 1.5-2.0 mm wide,

narrowly acute, puberulous outside. Florets

with corollas white, rather carnose, 7.0-7.5

mm long, glabrous, basal tubes narrowly

cylindrical, ca. 4 mm long, throat ca. 1 mm
long, lobes erect to somewhat spreading,

oblong-lanceolate, 2.0-2.5 mm long, ca.

0.8 mm wide, proximal margins with

crowded, minute papillae, cells short-ob-

long; anther thecae brownish, ca. 1.5 mm
long; apical appendage triangular-ovate, ca.

0.6 mm long; style base and proximal shaft

with many small papillae; style branches

with short papillae. Achenes ca. 4 mm long,

5-costate, with sparse slender hairs; pappus

whitish with some reddish tinges, 4.5-5.5

mm long, of 70-80 capillary, somewhat
barbellate bristles, not broadened at tips.

Mikania gunnarii is known only from the

type series. The habitat is cited as low and

dense ceja forest. The species superficially

resembles M. violascens (B. L. Rob.) R. M.
King & H. Rob. of north Ecuador and

southern Colombia; but the corollas have

long basal tubes, short throats and lanceo-

late lobes. The leaves also differ by the lack

of groupings of hairs on the adaxial surface

and the lack of evident glandular dots.

Mikania houstonioides H. Rob. &
W. C. Holmes, sp. nov.

Fig. 7

Type.—Ecuador. Pichincha: Carretera

Quito-San Juan-Chiriboga-Empalme, km
59, a 15 km al NW de la carretera, 1700-

2000 m., 23 Sep 1986, Zak 1284 (holotype

US).

Ad M. hitchcockii similis sed in caulibus

non lanulatis differt.

Herbaceous, moderately branched vines;

stems yellowish to brown, terete to subhex-

agonal, striated, spreading densely puberu-

lous, glabrate on older parts; nodes with

only transverse line; internodes mostly 3-

14 cm long, with solid pith. Leaves oppo-

site, petioles slender, 0.5-2.0 cm long;

blades ovate to oblong-ovate, 4-13 cm
long, 1.3-6.0 cm wide, base rounded to

broadly obtuse, margins entire, apex usually

rather abruptly acuminate, surfaces glabra-

te, puberulous on veins, veinlets prominu-

lous, abaxially with numerous glandular

dots; two pairs of prominent secondary

veins arching outward and upward from

basal 0.5-1.0 cm of blade, distal stronger

pair spreading at ca. 35° angle, weaker pair

following close to margins, tertiary veins

rather regularly transverse, veinlets in close

prominulous reticulum. Inflorescences py-

ramidal panicles with pyramidal branches

and, often short, somewhat loose, tapering,

racemiform branchlets; only primary bracts

foliiform, bracts of branches linear to lan-

ceolate, 3-9 mm long; heads of racemiform

branchlets usually close, but not touching;

peduncles 1-3 mm long. Heads 4-6 mm
high; subinvolucral bract borne at base of

peduncle, ovate-lanceolate, 1.5-2.0 mm
long, minutely puberulous; involucral

bracts oblong with rounded tips, 3.0-4.5

mm long, ca. 0.8 mm wide, outer pair mi-

nutely puberulous, narrowly gibbous at

base. Florets with corollas whitish, 2-3 mm
long, basal tube narrow, 1.0-1.5 mm long,

limb narrowly campanulate, smooth or with

very weak undulations on lower inside sur-

face, throat ca. 1.5 mm long, lobes ca. 0.3

mm long and wide, with few glands out-

side, cells oblong, mostly with sinuous

walls; anther thecae brownish, ca. 0.8 mm
long; apical appendage ca. 0.15 mm long,

oblong-ovate; style base glabrous; style

branches with short papillae. Achenes ca. 2

mm long, 5-costate, glabrous or with few
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Fig. 7. Mikania hoiistonioides H. Rob. & W. C. Holmes, holotype, Zak 1284 (US).

glandular dots; pappus sordid whitish to

brownish, 2.5-3.5 mm long, of ca. 35-40
capillary bristles mostly in one series, api-

ces slightly broadened.

Mikania houstonioides is known only

from the type collection in mesothermic hy-

grophilic primary cloud forest. It seems

closely related to the mostly Mexican and

Central American M. houstoiiiana (L.) B.

L. Rob. that has range extensions suppos-
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edly southward in the Andes to BoUvia.

The new Ecuadorian species differs from

most more northern species by the shorter

tapering racemiform branches, the more
sordid to brownish pappus, the apparently

soUd pith of the stem, and the lack of strong

transverse undulations inside the corolla

throat. The species is more like the endemic

M. hitchcockii B. L. Rob. of Ecuador in its

short tapering racemiform branches and

the smooth or weakly undulating inner sur-

face of the corolla, but the latter has lan-

ulate pubescence on the stems. Mikania
leiostachya, a species closely related to M.
houstoniana, occurs in Ecuador, and has

the characteristic fistulose stems and trans-

verse undulations in the corolla. Mikania
houstonioides closely resembles M. pichin-

chensis Hieron. in habit, but the leaves of

the new species have long and narrow acu-

minate tips, and the leaf surfaces have

rather transverse tertiary veins and a small

network of prominulous veins.

Mikania matezkii H. Rob. &
W. C. Holmes, sp. nov.

Fig. 8

Type.—Ecuador. Zamora-Chinchipe:
Area of ECSF (Estacion Cientifica San

Francisco) Research Station, approx. 30 km
away from the city of Loja on highway to-

wards Zamora, 3°58'18"S, 79°04'44"W,
2000 m, 5 Sep 2001, Matezki 386 (holotype

US, isotypes LOJA, QCNE, UBT).
A speciebus omnibus in laminis foliorum

coriaceis late oblongis apice subrotundatis

et in ramis inflorescentiarum laxe spicifor-

mibus differt.

Sparingly branched vines; stems pale

brownish, terete, glabrous; with only trans-

verse line on side of node; internodes 15

cm or more long, not fistulose. Leaves op-

posite, petioles dark brown, short, 0.5-1.5

cm long, stout, terete; blades coriaceous,

broadly elliptic to oblong, 4.5-11.5 cm
long, 2.5-8.0 cm wide, base rounded, mar-

gins entire, apex short-obtuse to rounded

with slight mucro, surfaces glabrous, with

glandular dots; venation subpinnate, with

two pairs of arching secondaries from basal

Vi—V4 of blade. Inflorescence rather densely

pyramidal with spiciform branches and
branchlets, heads rather loosely disposed,

not contiguous; branches with sparse mi-

nute hairs. Heads sessile to subsessile, ca.

7 mm high; subinvolucral bracts on branch-

lets, narrowly subulate, ca. 1.8 mm long;

involucral bracts narrowly oblong-elliptic,

5.0-5.5 mm long, ca. 1 mm wide, narrowly

obtuse, mostly glabrous, not noticeably gib-

bous at base. Florets with corollas whitish

to cream-colored, ca. 4 mm long, glabrous,

tube stout, thick-walled, ca. 1.8 mm long,

limb abruptly narrowly campanulate, throat

ca. 1 mm long, smooth inside, lobes ovate-

oblong, ca. 1 mm long, with narrow cells;

anther thecae pale, ca. 1.1 mm long; anther

appendages pale, ca. 0.2 mm long, 0.18 mm
wide, oblong-ovate; style base stout,

abruptly constricted at nectary, smooth;

style branches with dense, short papillae.

Achenes 2.5-3.0 mm long, 5-ribbed, pu-

berulous with uniseriate hairs and glandular

dots mostly near pappus; pappus whitish,

3.0-3.5 mm long, of ca. 45 capillary bris-

tles, with enlarged tips and round-tipped

apical cells.

Mikania matezkii is named for the col-

lector, Steffen Matezki, who is studying the

ecological function of woody and herba-

ceous vines as part of an analysis of virgin

and disturbed tropical montane forest sys-

tems in southern Ecuador. The material is

cited from secondary montane tropical rain

forest and is referred to as a slightly woody
liana. The leaf form is described as very

variable in different light environments, but

is evidently rather consistently coriaceous

and broadly oblong with a nearly rounded

slightly mucronate tip. The rather densely

pyramidally paniculate inflorescences with

laxly spiciform branches are also distinc-

tive.

Mikania ollgaardii H. Rob. &
W. C. Holmes, sp. nov.

Fig. 9

Type.—Ecuador. Chimborazo: Road ca.

10 km NE of Alao, at Cuspipaccha,

01°48'S, 78°26'W, ca. 3500 m, 6 May 1982,
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Fig. 9. Mikania ollgaardii H. Rob. & W. C. Holmes, holotype, 0llgaard, Holm-Nielsen, Andreasen, Larsen,
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0llgaard, Holm-Nielsen, Andreasen, Lar-

sen, Kvist, & Jensen 38154 (holotype US;

isotypes AAU, QCA, QNA).
Ad M. chimboracensem similis sed in fo-

liis minoribus breviter petiolatis, in coroUis

minoribus, et in lobis saepe triplinervatis

distincta.

Rather coarse, branching, scandent

shrubs; stems brownish, terete to subhexa-

gonal, weakly striated, densely hirtellous;

nodes surrounded by herbaceous, hirtellous

disc that is strongly toothed on margin; in-

temodes to 12 cm long, fistulose. Leaves

opposite, petioles slender, 0.5-1.7 cm long;

blades thinly herbaceous, ovate, 1.4-5.5 cm
long, 1.2-ca. 3.0 cm wide, base subtruncate

to cordate, with acumination at petiole often

angular, margins rather closely crenate-ser-

rate, apex shortly acute, adaxial surface

densely pilosulous, with few, scattered

glands, abaxial surface puberulous, espe-

cially on veins, with many glandular dots,

veins and veinlets prominent; subquinqui-

nervate from base, with secondary veins

spreading at 25—35° angle, and strong ter-

tiary veins spreading at 45—75° angle. Inflo-

rescences corymbiform on leafy branches;

branchlets densely hirtellous to tomentel-

lous with brownish hairs, bracts densely

haired abaxially; peduncles 5-8 mm long.

Heads usually in groups of three, ca. 12 mm
high; subinvolucral bract of central head at

base of peduncle, rather large, sessile,

ovate, to 10 mm long, 4 mm wide; bracts

of lateral heads at middle of peduncles, nar-

rowly elliptical, 4-5 mm long, glabrous

adaxially, densely puberulolus abaxially;

involucral bracts narrowly oblong-elliptical,

8-11 mm long, 1.3-2.0 mm wide, apices

obtuse to rounded, moderately gibbous at

base, densely puberulous outside. Florets

with corollas whitish, 6-8 mm long, mostly

glabrous outside, often with extra veins run-

ning from base into centers of lobes, basal

tube 2—3 mm long, throat narrowly cam-

panulate, with basal enlargement small but

abrupt, 1.5-2.5 mm long, lobes strongly re-

flexed and partially coiled with age, linear-

lanceolate, 2.0-2.5 mm long, with few hairs

near tips, small papillae along distal mar-

gins, cells short-oblong; anther thecae

brownish, ca. 1.8 mm long; apical append-

age oblong-ovate, ca. 0.3 mm long; style

base smooth or with sparse, minute papil-

lae; style branches with short papillae.

Achenes 3.5-4.5 mm long, 5-6-costate,

with few, fine hairs mostly near base and

top; pappus sordid whitish, mostly 5.5-6.0

mm long, of ca. 80 capillary bristles in 1

2-series, not broadened distally.

Paratype.—Ecuador. Chimborazo: Road/

trail from campsite above Rio Algo (8.5 km
from Guardiana Alais by road from Alao),

NNE to pass/continental divide (via old

route to Huamboya), 3350—3550 m, 20

May 1990, King & Judziewicz 10171 (MO,
US).

Mikania ollgaardii has been collected

only from the Alao area of Chimborazo at

ca. 3500 m. The habitat of the type was

elfin forest on steep slope, dominated by

Escallonia, Weinmannia, Osteomeles, and

Gaiadendron, understory dominated by Mi-

conia and Centropogon. The species is an-

other with nodal discs or fimbriae, and cor-

ymbiform inflorescences. As such, the spe-

cies resembles M. chimborazensis Hieron.

from the same area of Ecuador. The present

species differs from the latter by the small-

er, shorter-petiolate leaves, and the smaller

corollas with narrower, centrally veined

lobes. There is a superficial resemblance to

M. cristata B. L. Rob. of Central America,

but the latter has corolla lobes cut nearly to

the base of the throat and papillae on the

inner surface at the base of the lobes. The

latter also lacks the median veins in the

lobes.

Mikania pruskii H. Rob. &
W. C. Holmes, sp. nov.

Fis. 10

Type.—Ecuador. Azuay/Morona-Santia-

go border: Paramo del Castillo and sur-

rounding forested areas (crest of the eastern

Cordillera on trail between Sevilla de Oro

and Mendez, near the laguna, 9000-1 1,000
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ft., 29 Aug 1945, Camp £-5114 (holotype

US, isotype NY).

Ad M. stuebelii et M. jamesonii in habitis

similis sed in caulibus hispidulis non fistu-

losis, in capitulis pedunculatis et in stylis in

parte hirtellis differt.

Rather coarse, somewhat woody, branch-

ing vines, branches spreading at ca. 90° an-

gle; stems brown, terete, densely hispidu-

lous to hirtellous with short, reddish,

spreading or somewhat retrorse hairs; nodes

with only transverse line; internodes mostly

4.5—10.0 or more cm long, with solid pith.

Leaves opposite, petioles 0.5—1.5 cm long;

blades leathery, ovate, 3—5 cm long, 2.0-

3.5 cm wide, base rounded, margins with

few remote denticulations, apex short-

acute, both surfaces nitid and scabridulous,

more minutely scabridulous adaxially, ab-

axial surface also with minute puberulence

and glands; subtriplinervate with strongest

secondary veins spreading at 35-40° angle

from 3-5 mm above base of blade, weaker

subparallel secondary veins nearer basal

margins. Inflorescences a narrowly pyra-

midal thyrsoid panicle with thyrsoid

branches; primary internodes of decrescent

lengths, 3.5-1.0 cm long, densely hirtel-

lous; basal primary bracts foliiform with

blades to 3 cm long, distal primary bracts

and secondary bracts narrowly elliptical to

linear, 7-4 mm long; branches and larger

branchlets spreading at ca. 90° angle; heads

in groups of three; peduncles 1-3 mm high,

hirtellous. Heads 7—8 mm long; subinvolu-

cral bract not seen on central heads, at or

near bases of lateral heads, linear lanceo-

late, 2.5-3.0 mm long, puberulous mostly

on margins; involucral bracts reddish

tinged, oblong, 4.5—5.5 mm long, 1.0-1.2

mm wide, apices rounded, base moderately

gibbous, stiffly puberulous or scabridulous

outside. Florets with corollas creamy white,

ca. 5 mm long, with numerous, minute,

slender hairs and rather elongate minutely,

glandular hairs scattered over outer surface,

denser on lobes, basal tube narrow, ca. 1.5

mm long, throat broadly campanulate, grad-

uaHy broadened below, cylindrical above.

ca. 2.5 mm long, lobes oblong-ovate, ca.

1.0-1.3 mm long, ca. 0.8 mm wide, densely

papillose with small, bulging cells along

margins, lobe cells subquadrate; anther the-

cae purplish, ca. 1.8 mm long; apical ap-

pendage rounded, ca. 0.2 mm long; style

base smooth or weakly papillose, shaft and

outer surfaces of branches at base hirtellous

with septate hairs; style branches distally

with short papillae. Achenes ca. 4 mm long,

5-costate, with few, scattered, slender hairs,

minute glands mostly near pappus; pappus

sordid white, 4.5-5.0 mm long, of 40-45

capillary bristles in ca. 2 series, longer bris-

tles broadened distally.

Mikania pruskii is known only from the

type collection. The species resembles M.

stuebelii Hieron. and M. jamesonii B. L.

Rob. in habit, but the stems have solid pith

and hispidulous pubescence and the heads

are pedunculate. The style is particularly

distinctive in the hair-like papillae at the top

of the shaft and on the bases of the outer

surfaces of the branches. These hairs can be

seen with the dissecting microscope. The

plant is described by Camp on the label as

"Vine. Stems rufous-pubescent. Lvs leath-

ery; scabrid, deep green, nitid above; sub-

scabrid, bright green, nitid below. Bracts

pale green, often with reddish-purple tinge.

Corolla cream-white, style branches green-

ish yellow, anthers purplish".

The species is named for John Pruski,

formerly of the U.S. National Herbarium,

Smithsonian Institution, who first called at-

tention to the specimen that was originally

distributed as M. aristei B. L. Rob.

Mikania psylobothrya Sodiro ex H. Rob.

& W. C. Holmes, sp. nov.

Fig. 11

Type.—Ecuador. Manabi: Road Sto Do-

mingo-Chone, Flavio Alfaro, ca. 100 m, 1

1

May 1968, Marling, Storm, & Strom 9422

(holotype US, isotype GB).

In inflorescentis laxe spiciformibus et

faucibus corollarum interne rugosis ad M.

kliigii et M. simpsonii similis sed in foHis
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non ternatis et in limbus corollarum late

campanulatis vel subhypocrateriformibus

distincta.

Liana with stems to 4-6 m long, sparsely

branched; stems terete to subhexagonal,

striated, densely puberulous with brownish

hairs; nodes with only transverse line be-

tween the broad and sometimes slightly

rimmed petiole bases; internodes to ca. 1

1

cm long, fistulose. Leaves opposite, petioles

1.5—2.0 cm long; blade thinly herbaceous,

oblong-ovate, mostly 8-12 cm long, 3.5-

4.5 cm wide, base generally rounded,

slightly acuminate at petiole, margins en-

tire, apex short-acuminate, surfaces essen-

tially glabrous, without glandular dots, few

hairs on veins abaxially; subtriplinervate-

pinnate, with two pairs of secondary veins

from near base and from 1.0—1.5 cm above

base, ascending at 45-60° angle, veinlets

somewhat prominulous below. Inflores-

cence thyrsoid with loosely disposed, long,

spiciform, puberulous branches and few

short branchlets, heads borne 2-6 mm
apart; bracts linear, to 6 mm long. Heads

sessile, ca. 5 mm high; subinvolucral bract

ovate, small, ca. 1 mm long; involucral

bracts thin, narrowly oblong, 2.8—3.0 mm
long, 0.6-0.8 mm wide, apices rounded,

minutely but distinctly gibbous at base, mi-

nutely puberulous outside. Florets with co-

rollas whitish, ca. 3 mm long, glabrous,

basal tube slender, ca. 1.8 mm long, limb

abruptly broadly campanulate, nearly sal-

ver-shaped, throat ca. 0.8 mm long, with

transverse undulations on interior surface,

lobes broadly oblong-ovate, ca. 0.5 mm
long and wide, veins submarginal and ap-

pearing double, cells subquadrate; anther

thecae brownish, ca. 0.6 mm long; apical

appendage oblong-ovate, ca. 0.2 mm long;

style base smooth; style branches with short

papillae. Achenes ca. 1.5 mm long, 5-cos-

tate, with few short hairs and glands at base

of pappus; pappus whitish to sordid white,

ca. 3 mm long, of ca. 35 capillary bristles

in one series, somewhat broadened tips with

blunt cells.

Poratypes.—Ecuador. Esmeraldas: Ad

viam Ibarra-Esmeraldas, Aug 1901, Sodiro

23 (B, destroyed, as M. psylobothyra So-

diro, ined., photo US). Pichincha: Santo

Domingo de los Colorados, 19 May 1955,

Asplund 16423 (S).

Mikania psylobothrya is validated for

three specimens from the northwestern low-

lands of Ecuador. It seems related to a

group of species on the eastern side of the

Andes that includes M. klugii B. L. Rob.

and M. simpsonii W. C. Holmes & Mc-
Daniel. All three species share similar gen-

eral habits with long, lax spiciform branch-

es of the inflorescence, and the three all

have transverse undulations on the inside of

their corolla throats. The present species is

distinct by the combination of opposite

rather than ternate leaves and a broadly

campanulate, almost salverform corolla

limb.

Mikania rimachioides H. Rob. &
W. C. Holmes, sp. nov.

Fig. 12

Type.—Ecuador. Carchi: Tulcan, Reserva

Etnica Awa, Parroquia El Chical, Centro

Gualpi Medio, Rio Canumbf, 01°02'N,

78°15'W, 1150 m, 19-28 Feb 1993, Grijal-

va, Aulestia, & Taicuz 565 (holotype US;

isotypes MO, QCNE).
In habitis vegetativis et in fabricis capi-

tulorum ad M. rimachii similis sed in inflo-

rescentiis racemiformibus valde distincta.

Rather flexuous moderately branching

vines, branches spreading at 90° angle;

stems, brown, terete, weakly striated, mi-

nutely puberulous; nodes with narrow con-

necting strip between petioles; internodes to

14 cm long, with solid pith. Leaves oppo-

site, petioles slender, 2.8-5.0 cm long;

blades herbaceous, broadly ovate, mostly

6-11 cm long, 4.3-7.5 cm wide, base

broadly rounded to shallowly cordate, with

small acumination at petiole, margins mi-

nutely remotely cuspidate-denticulate, apex

acuminate, adaxial surface glabrous, abax-

ial surface with scattered glandular dots; 3-

or 5- to weakly 7-nervate from near base.
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Strongest arching secondary veins nearest

midvein spreading at 15-20° angle, conni-

vent distally. Inflorescences broad, pyra-

midal, thyrsoid panicles with thyrsoid

branches and long racemiform branchlets;

bracts linear, mostly 3-8 mm long; pedun-

cles separated by 2-6 mm, 1-4 mm long,

minutely puberulous. Heads ca. 6 mm high;

subinvolucral bract at base of petiole, linear,

ca. 1.5 mm long, often partially sheathing

peduncle; involucral bracts oblong to ob-

long-elliptical, 3.5-4.0 mm long, ca. 1 mm
wide, apex obtuse, bases of outer bracts

scarcely gibbous, bases of inner bracts often

with pointed basal projections, mostly gla-

brous on outer surface. Florets with corollas

cream-colored, 3.2—3.5 mm long, with

some minute hairs and glands mostly on

distal part of tube, tube slender, ca. 2 mm
long, limb abruptly very broadly campan-

ulate, throat ca. 0.5 mm long, smooth in-

side, lobes oblong-ovate, ca. 1.8 mm long,

0.5 mm wide, glabrous outside, margins

nearly smooth, cells oblong; anther thecae

pale brownish, 0.8 mm long; apical ap-

pendage oblong-ovate, ca. 0.25 mm long;

style base smooth; style branches with short

but distinct papillae, sometimes with few

glands outside. Achenes ca. 2 mm long, 5-

costate, with few, minute hairs along costae,

few glands at top; pappus sordid white, ca.

3.5 mm long, of 30-35 capillary bristles in

one series, distinctly broadened distally.

Mikania rimachioides is known only

from the type collection. The habitat is de-

scribed as a very humid premontane forest

with irregular topography. The particular

plant is said to be an epiphyte to 2.5 m tall.

The species resembles M. rimachii W. C.

Holmes & McDaniel in the vegetative form

and details of the heads, but differs strongly

in the racemiform structure of the inflores-

cence.

Mikania sparre i H. Rob. &
W. C. Holmes, sp. nov.

Fig. 13

Type.—Ecuador. Zamora-Chinchipe,
Zumbi, on northern border of Rfo Zamora,

ca. 900 m, 17 May 1967, Sparre 16468 (ho-

lotype S, isotype S).

In foliis abrupte caudato-acuminatis et in

nervis tertiariis transversis et in limbis cor-

ollarum interne transverse undulatis a M.

leiostachyam similis sed in nodis disciferis

distincta.

Coarse sparingly branched vines; stems

brown, terete, glabrous or with minute pa-

pillae near nodes; nodes with shallowly

lobed disk; primary internodes 10-12 cm
long, narrowly fistulose; axillary branches

with very short basal nodes 0.4-0.5 cm
long, with pairs of small bract-like leaves

0.6-0.7 cm long, acuminate, second and

third internodes ca. 8.5 cm long, with fully

bladed leaves. Leaves opposite, petioles

moderately stout, ca. 2.5 cm long; blades

thickly herbaceous, blades of primary

leaves broadly ovate, 14-15 cm long, 10-

1 1 cm wide, base broadly rounded to sub-

truncate, margins entire, apex abruptly con-

tracted into linear apex 1.5—2.0 cm long,

surfaces glabrous, without glandular dots,

adaxial surface dark green, asperous with

many, minute papillae, abaxial surface paler

green, with only slight irregular bumps; ve-

nation 7-nervate, with three pairs of arching

veins diverging from basal 1.0-1.2 cm of

blade, distal strongest pair diverging at ca.

40° angle, reaching nearly to base of acu-

mination, tertiary veins mostly in close

transverse pattern; distal primary leaves

narrowly ovate, 9—12 cm long, 3-4 cm
wide, acute to short-acuminate at base, apex

more gradually long-caudate-acuminate.

Median branch leaves with petioles 0.7—1.0

cm long; blades oblong-ovate, mostly 5.0—

6.5 cm long, 2.5-3.0 cm wide, apex with

rather abrupt caudate acumination 0.5-1.0

cm long. Inflorescences on axillary branch-

es, pyramidally paniculate with pyramidally

paniculate branches and long, spiciform tips

and branchlets; branches and branchlets pu-

berulous with small, dark hairs with minute,

glandular tips; heads slightly separated in

long, spiciform series, sessile in axils of

small, ovate subinvolucral bracts ca. 0.5

mm long. Heads ca. 3 mm high; involucral
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bracts narrowly oblong, ca. 2.5 mm long,

ca. 0.8 mm wide, apices rounded, bases

slightly swollen, outside minutely puberu-

lous, denser distally. Florets with corollas

whitish, ca. 2.2 mm long, with few, isolated

glands on distal tube and tips of lobes, basal

tube ca. 1 mm long, limb narrowly cam-

panulate with prominent transverse undu-

lations on lower inside surface, throat ca.

0.7 mm long, lobes triangular, ca. 0.4 mm
long; anther thecae brownish, ca. 0.6 mm
long, appendages ovate, ca. 0.15 mm long;

style base glabrous; style appendages with

short papillae. Achenes 5-costate, immature

length ca. 1 mm, with few glands near pap-

pus; pappus whitish, ca. 2.2 mm long, of

35—40 capillary bristles in one series, with

broadened tips.

Paratype.—Peru. Amazonas: Bagua
Prov., Distrito Imaza, Comunidad Aguaruna

de Yamayakat, 300 m, 14 Jul 1994, Diaz,

Salomon, Katip, & Pena 6854 (MO, US).

Mikania sparre i is known only from the

two collections from nearly adjacent areas

of southern Ecuador and northern Peru. The
type material came from a tropical gallery

forest along the Rio Zamora in southern Ec-

uador. The species is evidently related to M.
leiostachya, but differs in the nodal disks.

Another relative that has nodal disks is M.
campii, described above, which has smaller,

narrower, more gradually acuminate, gland-

dotted leaves without a regular transverse

pattern of tertiary veins, and also has larger

heads. The short basal internodes of the

branches in M. sparrei seem to be distinc-

tive. The type collection has the broad pri-

mary leaves with abruptly caudate tips,

while the Peruvian material has narrower

less abruptly acuminate primary leaves ev-

idently from nearer the tip of a main stem.

It seems likely that most collections would

lack the larger more basal primary leaves

and would have only the narrow distal type.

Mikania websteri H. Rob. &
W. C. Holmes, sp. nov.

Fig. 14

Type.—Ecuador. Pichincha: Canton Qui-

to, Parroquia Nanegal, Montafias de Ma-

quipucuna, Cerro Sosa, 00°05'N, 78°37'W,

ca. 2100-2150 m, 9 Jul 1991, Webster,

Castro, & McCarten 28885 (holotype US;
isotypes DAV, QCA, QCNE).

In habitis ad M. lloensem similis sed in

caulibus minute retrorse spiculiferis, in lob-

is corollarum elongatis et in tubis et fauci-

bus corollarum tubiformibus ca. 1.5-2.0

mm et ca. 3 mm longis distincta.

Coarse, sparsely branching vines; stems

pale brownish, terete, weakly striated, mi-

nutely retrorsely spiculiferous; nodes with

only transverse line; internodes to 9 cm
long, fistulose. Leaves opposite, petioles

1.0-1.2 cm long; blades herbaceous, ovate,

4-7 cm long, 2.5-3.8 cm wide, base broad-

ly rounded, margins remotely denticulate

near widest part, apex acute and slightly

cuspidate, adaxial surface sparsely and mi-

nutely scabridulous, spiculiferous abaxially,

more densely on veins, without evident

glandular dots; venation subtriplinervate

from 0.7-1.4 cm above base of blade,

strong arching secondary veins spreading at

25-30° angle, weaker secondary veins near-

er base and often with strong tertiary vein

from triplinervation. Inflorescence broadly

corymbiform, with pair of widely spread-

ing, elongate, distally corymbiform branch-

es at base; branches retrorsely spiculiferous;

bracts nearly linear, scarcely petiolate, 6-10

mm long, branchlets with heads in groups

of three, with peduncles 2-8 mm long.

Heads ca. 14 mm high; subinvolucral bract

at or near base of lateral heads, at base of

peduncle of central head, linear, 5-6 mm
long; involucral bracts ca. 10 mm long, 2.5

mm wide, with margins and tips tinged with

red, apices acute, bases weakly gibbous,

mostly glabrous outside, pilosulous near

tips. Florets with corollas mauve-pink, rath-

er carnose, ca. 1 1 mm long, glabrous out-

side, basal tube 1.5-2.0 mm long, throat ca.

6 mm long, proximal part of throat appear-

ing to be continuation of nanow tube, ca.

3 mm long, distal throat nanowly funnel-

form, ca. 3 mm long; lobes widely spread-

ing, lanceolate, ca. 3 mm long, ca. 1 mm
wide, smooth inside, cells short-oblong; an-
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ther thecae pale brownish, ca. 2.3 mm long;

apical appendage broadly oblong-ovate, ca.

0.3 mm long and wide; nectary elongate;

style base with few minute papillae; style

branches with short papillae. Achenes 5.5—

6.0 mm long, 5-costate, glabrous; pappus

whitish, mostly 7-8 mm long, of ca. 100

capillary bristles 2-3-seriate, tips not broad-

ened.

Paratype.—Ecuador. Tungurahua: Cor-

dillera de Llanganates, near junction of Rio

Golpe and Rio Sangarinas (Desaguadero),

3000 m, 25 Nov 1939, Asplund 9872 (S).

Mikania websteri is known only from

two collections. The type collection is from

primary rainforest on a ridge above Quito.

The paratype is from farther south in Tun-

gurahua. The material of both specimens

was initially determined as M. lloensis,

which has short corolla lobes and a stem

pubescence of longer hairs instead of short

spicules. A unique feature of the type is the

way the filaments extend well down into

what seems to be the basal tube of the co-

rolla. The basal tube and lower throat are

more distinct in the paratype.

Mikania yanacochensis H. Rob. &
W. C. Holmes, sp. nov.

Fig. 15

Type.—Ecuador. Zamora-Chinchipe:

Area of Finca San Ramon de Yanacocha,

km 1 1 on highway from Loja towards Za-

mora, 03°59.275'S, 79°09.461'W, 2400 m,

28 Oct 2001, Matezki 432 (holotype US,

isotypes LOJA, QCA, QCNE, UBT).
Ad M. aschersonii simila sed in laminis

foliorum pubescentioribus latius ovatis base

late rotundatis vel subtruncatis differt.

Slightly woody vines; stems reddish-

brown, terete, weakly striate, densely pat-

ently or retrorsely hispidulous, hairs an-

trorse on smaller branches; with only mi-

nutely fringed transverse line across nodes;

internodes ca. 20 cm or more long, narrow-

ly fistulose. Leaves opposite, petioles slen-

der, 1.0—3.5 cm long; blades thinly herba-

ceous, ovate, 6-1 1 cm long, 2.5-5.7 cm

wide, base generally rounded or subtrun-

cate, scarcely acuminate at petiole, margins

entire, apex narrowly acuminate, adaxial

surface densely pilosulous, scarcely denser

on veins, abaxial surface densely puberu-

lous on veins and veinlets, with yellowish

glandular dots; venation quinquinervate

from 3-5 mm above base, distal pair reach-

ing to distal !4 of blade. Inflorescence py-

ramidal with corymbiform branches and

branchlets, with small foliiform bracts at

lowest nodes; branches densely puberulous.

Heads sessile or subsessile in groups of

three to five, 8-9 mm high; subinvolucral

bract to one side of central head, on outer

side of lateral heads, elliptic to ovate, 2.0—

2.5 mm long; involucral bracts narrowly

oblong, ca. 5 mm long, 1.0-1.2 mm wide,

with rounded to subtruncate, densely pu-

berulous tips, strongly gibbous at base. Flo-

rets with corollas whitish, ca. 5 mm long,

tube short, thick-walled, ca. 1 mm long,

throat abruptly, narrowly, cylindric-cam-

panulate, 3.5 mm long, lobes short-trian-

gular, ca. 0.8 mm long, with hairs and glan-

dular dots outside, densely papillose on

margins and in broad marginal band inside;

anther thecae pale, ca. 1.5 mm long; anther

appendage oblong-ovate, ca. 0.25 mm long

and wide; nectary cylindric, ca. 0.7 mm
long; style base slender, glabrous, smooth;

style appendages densely papillose with

short papillae. Achenes ca. 4 mm long, nar-

row, 5-ribbed, puberulous with uniseriate

hairs mostly in upper half; pappus whitish.

4.0-4.8 mm long, of 30-35 capillary bris-

tles, not or scarcely broadened at tips, api-

cal cells acute.

Mikania yanacochensis is known only

from the type collection. The habitat is de-

scribed as secondary montane tropical rain

forest. The species might be a member of

the M. aschersonii Hieron. relationship but

differs by its stronger pubescence and

broader leaves with more truncate bases,

and the more strongly corymbiform clusters

of heads. The inflorescence, with its pyra-

midal shape, corymbiform branchlets, and

heads usually in clusters of three, resembles
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the geographically more distant M. filgueir-

asii R. M. King & H. Rob. of Brazil, but

the latter has much broader and blunter in-

volucral and subinvolucral bracts.

Mikania zamorae H. Rob. &
W. C. Holmes, sp. nov.

Fig. 16

Type.—Ecuador. Zamora-Chinchipe:

Road from Loja to Zamora, km 12-14,

2800 m, 18 Nov 1961, Dodson & Thien

1352 (holotype US, isotype SEL).

In habitis ad M. featherstonei spurie sim-

ilis sed in laminis foliorum cordatis prope

basem triplinervatis, in inflorescentiis dense

corymbiformibus, in faucibus corollarum

anguste infundibularibus, et in columnis

stylorum dense longe papillosis distincta.

Rather coarse, moderately branched

vines; stems terete, densely, minutely, and

somewhat retrorsely hispidulous with stiff,

often dark reddish hairs; nodes with flaps

on sides that are minute to rather obvious;

internodes 2—8 cm long, narrowly fistulose.

Leaves opposite, petioles 0.4-2.3 cm long;

blades subcoriaceous, broadly ovate, 1.5—

ca. 5.0 cm long, 1.2-2.2 cm wide, base sub-

truncate to cordate, margins crenate-dentate

to somewhat lobate at broadest part, apex

obtuse to subacute, adaxial surface densely

puberulous with brownish hairs, with few

scattered glands, abaxial surface paler be-

tween veins, sparsely puberulous and with

glandular dots, veins densely antrorsely his-

pidulous with dark hairs; triplinervation

from or very near base, arching secondary

veins spreading at 25-30° angle, connivent

distally. Inflorescences terminal on leafy

stems and branches, densely corymbiform;

branches densely hirtellous; peduncles 0-5

mm long, often in groups of three or four.

Heads ca. 10 mm high; subinvolucral bract

at base of heads or in central heads at base

of peduncle, sessile or subsessile, elliptical,

ca. 4 mm long, 1.5-2.0 mm wide; involu-

cral bracts with pink or purplish tinges, ob-

long-elliptical, ca. 7 mm long, 1.5 mm
wide, obtuse and often slightly mucronate

at tips, bases somewhat gibbous, outer

bracts densely puberulous outside. Florets

with corollas whitish or cream-colored,

slightly carnose, glabrous outside, 6-7 mm
long, basal tube 2-3 mm long, throat nar-

rowly funnelform, ca. 2 mm long, lobes

erect to spreading at anthesis, oblong-lan-

ceolate, 1.8-2.2 mm long, 0.6-0.8 mm
wide, with short papillae along margins,

cells short-oblong; anther thecae pale

brownish, 1.5-1.8 mm long; apical append-

age oblong-ovate, ca. 0.3 mm long; style

densely long-papillose on base and proxi-

mal shaft; style branches with strong, short

papillae. Achenes ca. 3.5 mm long, 5-cos-

tate, with dense papillae on proximal half

of costae; pappus sordid whitish, ca. 4.5

mm long, of ca. 120 capillary bristles 2-3-

seriate, not broadened distally.

Paratypes.—Ecuador. Loja: Parque Na-

cional Podocarpus, S of Loja, above "Cen-

tre de Informacion", E of Nudo de Cajan-

uma, 04°05'S, 79°10'W, 3000-3200 m, 22

Feb 1985, 0llgaard, Laegaard, Thomsen,

Korning, & Ilium 57961 (AAU, QCA, US).

Zamora-Chinchipe: Zamora Canton, carre-

tera Zamora-Loja, Vertiente Oriental de la

Cordillera, 03°57'S, 79°17'W, 2800 m, 29

Oct 1991, Palacios & Freire 8818 (MO,
QCNE, US).

Habitats cited for Mikania zamorae are a

mountain crest with low scrub and a cloud

forest. The species is not known from near-

by Peru. Nevertheless, specimens were pre-

viously determined as the Peruvian M.

featherstonei B. L. Rob. The latter is not

closely related, having larger, non-cordate

to scarcely cordate leaves with trinervation

distinctly distal to base of the blade, a loos-

er inflorescence, and a salver-shaped corolla

limb with submarginal veins, more like M.

holwayana. B. L. Rob. The present species

is also distinct in the densely long-papillose

shaft of the style.
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Toward a phylogenetic subfamilial classification for the

Compositae (Asteraceae)
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Abstract.—Molecular studies of the flowering plant family Compositae (As-

teraceae) based on comparative DNA sequence data of chloroplast genes pro-

vide new insights into the evolution and radiation of the family. The results

support the creation of new groups to maintain a classification that reflects

evolutionary history. We are proposing the following new names: subfamilies

Corymbioideae, Gochnatioideae, Gymnarrhenoideae, Hecastocleoideae, and

Pertyoideae; tribes Athroismeae, Corymbieae, Dicomeae, Gochnatieae, Gym-
narrheneae, Hecastocleideae, Polymnieae; subtribe Rojasianthinae. The totals

now stand at 1 1 subfamilies and 35 tribes. Only one tribe, the Mutisieae, is

non-monophyletic having two branches. Most of the new groups are derived

from taxa included in tribe Mutisieae, long suspected to be a paraphyletic

group. Molecular studies that support these changes are discussed elsewhere

but a summary of their results is presented.

Molecular phylogenetic studies of the

family Compositae (Asteraceae) have been

instrumental in providing important insight

into the evolution and radiation of the fam-

ily. Assessments of phylogenetic relation-

ships in the family using molecular data be-

gan with restriction fragment length poly-

morphisms of the chloroplast genome.
These studies identified a 22 kb inversion

present in all members of the Compositae

except the Mutisieae subtribe Barnadesieae

(Jansen & Palmer 1987), which had a chlo-

roplast organization similar to the rest of

land plants. This result was used to elevate

the Barnadesieae to subfamily status (Bre-

mer & Jansen 1992), and the traditional two

subfamily system consisting of Cichorioi-

deae and Asteroideae was expanded to in-

clude the Barnadesioideae. Kim & Jansen

(1995) published what can arguably be

viewed as one of the most important papers

using DNA sequence data aimed at eluci-

dating the phylogeny of the Compositae. In

this paper they identified the major clades

of the Compositae using sequence data of

the chloroplast gene ndhF and provide ad-

ditional evidence for the paraphyly of sub-

family Cichorioideae. Their data provided

some support for the recognition of three

main groups within subfamily Cichorioi-

deae s.l. splitting sequentially from above

the Barnadesioideae: 1) Mutisieae, followed

by 2) Cardueae, and finally, 3) the tribes

Cichorieae, Liabeae, Vernonieae, and Arc-

toteae forming a monophyletic group sister

to Asteroideae. The latter group plus Aster-

oideae was recognized by Bremer (1994,

1996) as the vernonioid group. Since the

publication of the molecular phylogeny of

the Compositae by Kim & Jansen (1995)

only the study by Bayer & Starr (1998) has

provided a competing hypothesis of tribal

relationship based on noncoding regions of

the chloroplast genome, but this study did

not provide good support for any new pat-

terns of relationship. Most studies using the

ndhF data matrix to date have concentrated

on elucidating the placement of a particular
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taxon in the tree of life of daisies (Karis et

al. 2001).

The goal of our study was to use several

molecular markers to produce a phylogeny

that would clarify the phylogenetic relation-

ships of members of the tribe Mutisieae s.l.,

and the circumscription of the subfamily

Cichorioideae in general. Our data matrix

includes the genes and markers ndhF, trnh-

trnF, matK, ndhD, rbcl^, rpoB, rpoCl
exonl, 23S-trnl, and ndhl for an approxi-

mate total data matrix of 13,380 bp. Com-
bining these chloroplast markers has pro-

duced a solid phylogeny of the Compositae.

Included here is a strict consensus tree of

the relationships of Compositae based on

our studies for the Cichorioideae (Panero &
Funk, in prep.) and those of Panero et al.

(in prep.) for tribe Heliantheae and relatives

(Fig. 1). This phylogeny includes a majority

of genera of the classical Mutisieae and rep-

resentatives of most other tribes of Com-
positae as well as genera deemed, based on

their morphology, to be of difficult place-

ment (see Bremer 1994). The resulting phy-

logeny has clarified substantially the rela-

tionships of the Compositae and resulted in

the need to publish new names to maintain

a formal taxonomic nomenclature for

monophyletic clades. All groups are now
monophyletic and reflect the evolutionary

history of the family except for two branch-

es near the base of the tree that constitute

a paraphyletic Mutisioideae. It is most like-

ly that additional data will provide enough

support to recognize the "Stifftia group" as

a new subfamily and tribe, however the

data are missing several of the genera that

should fall into the "Stifftia group" clade

and final resolution of the problem will

have to wait until those genera have been

collected and analyzed. Two of the mono-
phyletic subfamilies proposed, Corymbioi-

deae and Gymnarrhenoideae, contain gen-

era whose placement has long been prob-

lematic. Their isolated placement on the

cladogram combined with their unusual

morphology supports their being named at

the subfamily (and tribal) level. One might

argue that eventually they might be part of

the Asteroideae and Cichorioideae respec-

tively, but given the amount of data that

support this cladogram and the fact that the

isolated position of these genera has long

been recognized, it is doubtful. Details of

the analyses and a discussion of the result-

ing clades will be published elsewhere

(Funk & Panero, in prep.; Panero et al., in

prep.); we publish these names here so that

they are available for use in those papers.

The changes to the classification of the

family proposed herein have been carefully

reviewed by the authors with the under-

standing that these changes represent the

largest overhaul to the classification of the

Compositae since Bentham (1873). Our
confidence in proposing these changes is

based on two things, first, an analysis of

one of the largest data matrices for any

group of flowering plants produced to

date—a combination of multiple genetic

markers and a broad sampling of taxa—and

second, an analysis of these data by con-

servative methods (i.e., maximum parsi-

mony) without the coding of indels or char-

acter weighting of any type. Bootstrap sup-

port for nearly all of the clades being rec-

ognized as new taxa is 100%. Our
experience with this large data matrix

shows that additions of new data partitions

only solidifies the phylogenetic signal and

branch support. It is clear that past a certain

threshold, unique to each dataset and deter-

mined by the number of characters and taxa

sampled, the phylogenetic signal stabilizes.

It is our view that the addition of new data

partitions in the future will only solidify the

branch support reported here.

Subfamilies

Corymbioideae Panero & V. A. Funk, sub-

fam. nov., Corymbieae Panero & V. A.

Funk, trib. nov.

Type: Corymbium L., Coroll. Gen. 14

(1737).

Monotypic (7 species).

Plantae in foliis sessilibus et in laminis
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Tree is simplified to show only tribe and subfamily placement and arrangement.
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conduplicatis. Capitula uniflora; bracteis in-

volucri biseriatis, dimorphis; bracteis inter-

ioribus 2, involutis; limbis corollarums sal-

verformibus.

Scapose, perennial herbs, tufted and

forming rosettes. Leaves alternate, sessile,

sometimes conduplicate, blades lanceolate

to linear, leaf bases attenuate, leaf apices

acuminate, terete, involute or flat in cross

section, margins entire, venation parallel,

leaf surfaces glabrous to villose or hirsute,

sometimes with glandular trichomes. Inflo-

rescence of open to congested corymbiform

cymes at the end of scapes that are as tall

or taller than the rosette leaves. Heads with

one floret, involucre narrowly cylindrical,

conspicuously gradated, phyllaries in two

series, chartaceous-coriaceous to herba-

ceous, green with purple tips or suffused

with purple when young, outer series of 2—3

phyllaries, apex acute to acuminate or

rounded, glabrous or pubescent inner series

of 2 phyllaries, these approximately 2 to 5

times longer than those of outer series, oval

to oblong in outline, involute, enclosing flo-

ret, bifid or trifid, glabrous or pubescent;

receptacle flat. Florets actinomorphic and

bisexual, salverform, corolla mauve, pink,

or white, lobes longer than tube with a tuft

of papillae on the distal end, apiculate at

apex with a raised, triangular arch of scler-

ified cells immediately below the lobe apex

rendering the tip of the apex apiculate; an-

thers 5, thecae black, ecaudate, shallowly

calcarate, anther connective of long, fusi-

form, conspicuously sclerified cells, endo-

thecium dimorphic, proximal or inner rows

composed of quadratic cells with bipolar

thickenings and single bridges, these cells

separated from distal or outer endothecial

cells by a single cell row of tightly scleri-

fied isodiametric cells, distal endothecial

cell rows composed of cells approximately

twice as large as those of the inner endo-

thecium with bipolar thickenings and single

bridges, anther appendage lacking and re-

duced to a series of elongated cells arising

from the anther connective; styles dissected,

color as in corollas, style branches linear.

obtuse or acute, with short sweeping hairs

on abaxial side, sweeping hairs restricted to

style and scarcely present below bifurcation

point on the style shaft. Achenes linear to

elliptic, hirsute or villous, silvery white,

pappus of short, crown-like scales variously

fused or divided into lobes and bristles.

Chromosome number: 2N = 16 (Weitz

1989).

The phylogenetic position of the South

African genus Corymbium has been histor-

ically controversial (Bentham 1873) and in

the latest revision of the family at the ge-

neric level, the genus is placed in subfamily

Cichorioideae unassigned to a tribe (Bremer

1994). Corymbium is unusual in the Com-
positae because of its single-flowered

heads, heads with two innermost involucral

bracts enclosing the flower, the broad, pat-

ent lobes of the corolla, and the narrowly

lanceolate leaves with parallel venation.

Our studies reveal that the genus occupies

a position next to the base of the subfamily

Asteroideae. These results together with the

distinctive morphology of Corymbium war-

rant its inclusion in a new subfamily Cor-

ymbioideae.

Gymnarrhenoideae Panero & V. A. Funk,

subfam. nov., Gymnarrheneae Panero &
V. A. Funk, trib. nov.

Type: Gymnarrhena Desf., Memoires du

museum d'histoire naturelle, Paris. 4:1. t.

1. 1818.

Monotypic (1 species).

Herbae perennes rosettiformes. Synflo-

rescentiae simplices vel complexae; capi-

tulis subterraneis et aeriae; achaeniis di-

morphis.

Perennial amphicarpic herbs. Leaves

simple, forming dense rosettes, sessile,

smooth, narrowly lanceolate to nanowly

ovate, apex narrowly acute to attenuate,

margins denticulate, base truncate, surfaces

smooth and glabrous. Inflorescences subter-

ranean or congested in the center of the

leafy rosette. Subterranean heads homoga-

mous and female, corolla vestisial enclosed
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in involucral bracts. Achenes of subterra-

nean heads laterally flattened, blackish,

sparsely hairy; pappus absent or of short

bristles that are flattened at the base ap-

proaching scale-like, but bristle-like at the

apex with rounded apices. Aerial heads

bearing florets of two types: male florets in

small groups that are loosely connected on

very short peduncles and interspersed

among single female florets each of which

is strongly enclosed in a stiff white and

green bract, with a few rows of chartaceous

phyllaries. Florets with whitish corollas,

male florets greatly reduced in size with

3^ lobes and anthers, anther apex abbre-

viated, filament not elongated into an apical

appendage, thecae with base short rounded,

ecalcarate, ecaudate; female florets filiform,

style branches long with rounded apices.

Achenes obconical, ciliate, with elongate

twin hairs, cell walls appear to be thin; pap-

pus of long, acuminate, laciniate bristles

with acute apices; ovaries of male florets

with a vestigial pappus or lacking. Chro-

mosome number: 2N = 20.

A monotypic genus extending from
North Africa to the Middle East.

Amphicarpy (the ability to produce aerial

as well as subterranean fruits) is uncommon
in flowering plants being found in only ca.

50 species worldwide (Lev-Yadum 2000).

Data are available that show that a high pre-

ponderance (eight) of those taxa are found

in Israel.

This taxon has repeatedly been described

as having male central florets and periph-

eral female florets, but the male florets are

not always grouped in the center of the

head. In fact some groups of male florets

are found at the outer edge of the recepta-

cle. It seems more likely that the aerial

heads are actually groups of heads, some of

which are few-flowered male heads and

others are single-flowered female heads.

Thus the monoecious plants bear heads of

both sexes grouped in a common synflo-

rescence. The fruits of the two types of

heads of Gymnarrhena have different de-

velopmental patterns: the larger subterra-

nean fruits develop first and the aerial fruits

are produced later and only in wet years.

The aerial fruits are wind dispersed whereas

the subterranean fruits germinate under-

ground and appear to be more drought tol-

erant. It is possible that amphicarpy in

Gymnarrhena and other plants is an adap-

tive mechanism developed in response to

inconsistent and/or low water-availability

(Roller & Roth 1964).

Gymnarrhena is an unusual member of

the Compositae and its history reflects its

unique morphology. Bentham (1873), Hoff-

mann (1894), and Cronquist (1955) placed

this genus in the Inuleae s.l. and Bentham's

alternate choice was the Astereae. Skvarla

et al. (1977) pointed out that the pollen did

not support either of the above placements

as the genus has Anthemoid pollen and they

suggested a possible placement in the An-

themideae. Bremer (1994) listed the genus

as belonging to the Cichorioideae s.l. but as

"unassigned to tribe" along with several

other problem genera. In our cladograms

Gymnarrhena is consistently located by it-

self below the Cichorioideae s.s. and above

the Pertyoideae ("Asian Mutisieae") clade.

Gochnatioideae (Benth. & Hook, f.) Panero

& V. A. Funk, subfam. stat. nov., Goch-

natieae (Benth. & Hook, f.) Panero & V.

A. Funk, trib. stat. nov. Basionym:

Gochnatiinae Benth. & Hook, f.. Gen. PI.

168, 216. 7-9 Apr 1873.

Type Gochnatia Kunth in HBK, Nov. Gen.

et Sp. 4:19. t. 309. 1820.

Includes: Cnicothamnus Griseb.(2 species),

Cyclolepis Gill ex D. Don (1 species),

Gochnatia Kunth in HBK (ca. 60 spe-

cies), Richterago Kuntze (including Ac-

tinoseris (Endl.) Cabrera, 17 species),

and possibly Chucoa Cabrera (1 species).

A Mutisieis in stylis glabris apice rotun-

datis, in appendices antherarum apiculatis et

in bracteis involucri multiseriatis differt.

Many perennial herbs but also shrubs and

trees or rcirely dioecious subshrubs or gy-

nodioecious shrubs or monoecious rosulate
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herbs; branches rarely spiny. Leaves sim-

ple, alternate, coriaceous or smooth, lance-

olate, oblanceolate, elliptic, ovate, obovate,

spathulate to narrowly linear; apex acute,

obtuse, mucronulate to acuminate, and spi-

nose; margins entire, spinose-dentate, den-

tate to denticulate; base attenuate, truncate,

or rounded; surfaces tomentose, glandular

punctuate, glabrescent or glabrous; subses-

sile to petiolate, petiole base expanded lat-

erally, sometimes pubescent; veins pinnate

or parallel. Inflorescence solitary and ter-

minal or few in number to numerous in ra-

cemes or cymes. Heads pedunculate or rare-

ly sessile; peduncle bracteate; cylindrical or

campanulate; receptacle epaleate, rarely pa-

leate, flat to shallowly convex; discoid and

homogamous or radiate and heterogamous;

phyllaries in 4—15 series, imbricate, outer

ones ovate-lanceolate to lanceolate, inner

ones subequal to longer than the outer ones,

linear-lanceolate to lanceolate, acute, acu-

minate, lanate, sericeous or glabrescent.

Florets few-many (5—300); corolla tubes

glabrous, pubescent, and/or glandular. Mar-

ginal bilabiate florets (when present) pistil-

late, (3+1, 3 + 2, 4+1), 10-60, white to

pinkish with or without rose-colored veins;

staminodia 4-5, free, hyaline (in gynodioe-

cious plants flowers of male plants are her-

maphroditic and female plants have flowers

without anthers). Disc florets hermaphro-

ditic or functionally male, actinomorphic

with 5 deeply divided lobes, yellow, white,

rose, or orange-yellow; anther-appendages

acuminate to apiculate, anther-tails glabrous

or pubescent; style slender, shortly bilobed,

glabrous, apex rounded or obtuse. Achenes

cylindrical, inconspicuously ribbed, villose,

sericeous, sometimes glandular; pappus un-

iseriate or biseriate, bristles 25-50, simple

(rarely branched), basally free or connate

into a fleshy ring; setae serrulate, straw-col-

ored. Chromosome numbers: Cyclolepis 2N
= 54, Cnicothamnus 2N = 44, and Goch-

natia 2N = 46.

This clade is located above the Mutisieae

s.s. clade and below Hecastocleis and the

Carduoideae clade. Its members are con-

fined to the Americas. The clade has con-

sistently appeared in all versions of the

analysis. The genera in this subfamily are

characterized by glabrous styles and anthers

with apiculate appendages. The genus Chu-

coa referred by Cabrera (1955, 1977) to the

Mutisieae subtribe Gochnatiinae may be-

long in this group, however, we were un-

able to obtain recently collected material for

analysis and the genus differs from other

genera of the Gochnatioideae by having pu-

bescent style branches. Final placement of

this genus will have to await further study.

Hecastocleioideae Panero & Funk, subfam.

nov, Hecastocleideae Panero & V. A.

Funk, trib. nov.

Type: Hecastocleis A. Gray, Proc. Amer.

Acad. Arts 17:220. 1882.

Monotypic (1 species)

Ad Mutisieas similes sed in synflorescen-

tiis biordinatis in capitulis solitariis in brac-

teis spiniferis et in corollas profunde lobatis

differt.

Stoloniferous shrubs with deep roots,

growing on vertical cliffs in the cracks of

rocks or in very well-drained, sandy soil,

young stems bright green turning white-

brown with age, glabrous, old stems ash

gray to brown, trichomes simple, white, re-

stricted to leaf internodes of rapidly grow-

ing shoots. Leaves alternate, sessile, blades

narrowly ovate to broadly acicular, leaf ba-

ses attenuate, leaf apices ending in a ligni-

fied mucro or spine; margins entire with

2-3 spines on each side of the leaf, spines

mostly confined to basal half; central vein

lignified with age and turning into a soft

spine as leaf blade falls off at senescence;

venation triplinerved with the two second-

ary veins parallel to the main vein, unarmed

leaves produced from short lateral branches

if growing conditions are favorable, leaf ab-

axial and adaxial surfaces concolorous and

essentially glabrous. Inflorescence of mul-

tiple single-flowered capitula aggregated

into compound heads, each aggregation of

1-5 heads associated with a scarious to co-
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riaceous oval to ovate bract with 3-9 spines

on each side, the terminal inflorescence

with 4-10 capitula surrounded by 4-5

bracts. Heads with 1 floret, involucre of 20-

30 phyllaries in 4-5 series, phyllaries nar-

rowly ovate, prominently apiculate, herba-

ceous to scarious, green, densely strigose to

lanose on mid area to basal attachment; re-

ceptacle flat. Zygomorphic or liguliform

florets absent, actinomorphic florets perfect,

corollas purple-white changing to white

with age, deeply lobed, lobes narrowly tri-

angular and as long as tube, patent at an-

thesis, tube obtrullate in outline, druses

present, veins 5, parallel to each other along

the tube and splitting below the sinus of the

lobe, the fiber bundle splitting unequally

just above the sinus level, producing two

strong veins and a thin vein that dissipates

in the space between the two main veins

and the corolla lobe edge, the two main

veins diverge from each other and reach the

apex of the lobe where they dissipate into

the surrounding tissue, the adaxial corolla

lobe strongly sclerified, sclerified cell pro-

liferation coincides with splitting of pri-

mary veins, the sclerified cells appear in the

middle lower middle portion of the lobe and

radiate to the edges to cover approximately

fj of the lobe surface, additional layers of

sclerified cells repeat the same overall dis-

tribution pattern as the lower layers but ap-

proximately halfway the length of the lobe.

Anthers 5, calcarate and caudate, purplish

to pale pink, anther collar with isodiamet-

ric, thickly and evenly sclerified cells, these

changing abruptly to narrowly fusiform

cells with strongly sclerified walls, the an-

ther collar uneven in composition with nu-

merous sclerified cells abaxially and a band
of one to few cells on its adaxial side, an-

ther tails approximately % the total length

of the anther thecae with endothecium tis-

sue extending approximately '/j to '/, the

length of the tail, the distalmost end of the

tail twisted in some anthers, the strongly

sclerified tissue of the connective gradually

expands ending in a strongly sclerified an-

ther appendage, those cells proximal to the

connective unevenly thickened and there-

fore producing a "radial" thickening pat-

tern under light microscopy conditions, this

pattern gradually changing to polar thick-

ened cells with those cells ending the en-

dothecium having minimal thickened areas,

pollen tricolpate, smooth. Style glabrous

with no sweeping hairs, dissected into two,

rounded style branches, each style branch

ending with a laminar cell proliferation.

Achenes oval, black, essentially glabrous,

pappus of a crown of scales, minutely lac-

erate. Chromosome number: 2N = 16

(Powell et al. 1974).

Hecastocleis was described by Asa Gray

(1882) and in the protologue of the species

he remarked on the distinctiveness of the

genus and of its affinities to the Asian ge-

nus Ainsliaea. This commentary is proba-

bly based on the similarity in corolla mor-

phology between the Pertyoideae and He-

castocleis in which corollas are deeply dis-

sected and the lobes are spreading. Our
molecular studies reveal that Hecastocleis

represents an isolated lineage, possibly the

survivor of an old radiation of the family

into the North American continent.

Pertyoideae Panero & V. A. Funk, subfam.

nov., Pertyeae Panero & V. A. Funk, trib.

nov.

Type: Pertya Schultz-Bip., Bonplandia, 10:

109. t. 10. 1862

Includes: Ainsliaea DC. (50 species), Dias-

pananthus Miq. (1 species, sometimes

placed in synonomy with Ainsliaea),

Macroclinidium Maxim. (3 species), My-
ripnois Bunge (1 species), and Pertya

Schultz-Bip. (15 species).

Ad Mutisieas similes sed in capitulis mi-

noribus solitariis vel paucis in corollis non

bilabiatis; lobis 5 profunde dissectis varia-

biliter connatis distinctae.

Many perennial herbs but also some
shrubs or vines and one (Myripnois) gyno-

dioecious shrub; glabrous to densely pubes-

cent. Leaves simple, scattered and alternate,

or congested and rosulate at midpoint or
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basal, subsessile to petiolate, lanceolate, ob-

lanceolate, elliptic, ovate, obovate, spathu-

late to narrowly-linear or cordate; apex

acute, rounded, acuminate, or mucronulate;

margins entire, pubescent, dentate to den-

ticulate; base attenuate or rounded; surfaces

from densely tomentose, to glabrous; peti-

ole sometimes narrowly winged; blades

mostly with 3 or 5 veins but a few pinnate.

Inflorescence solitary or heads few in num-
ber in spike-like or racemiform to thyrsi-

form cymes. Heads discoid or disciform

and homogamous, pedunculate or sessile;

peduncle bracteate sometimes minutely so;

involucre cylindrical or campanulate, phyl-

laries in 3-8 series, imbricate, outer ones

ovate-lanceolate to lanceolate, inner ones

linear-lanceolate to lanceolate, apex acute

or acuminate, minutely pubescent or more

rarely glabrous. Florets one to few, perfect,

corollas actinomorphic with 5 equal sized,

deeply divided lobes fused unequally

(sometimes in the same head) with some
fulfilling the criteria for bilabiate but always

with 10 veins (most common patterns 3 + 2,

3+ 1 + 1), sometimes secund; white, white

suffused with pink, purple, or red, anthers

calcarate, caudate, anther appendages small,

acuminate to acute, anther-tails usually pi-

lose and sometimes very long; style slender,

shortly bilobed, dorsally with short hairs or

papillae, apex slightly rounded to acute.

Achenes cylindrical, ribbed, glabrous to

densely villose; pappus of scabrid bristles

or in Pertya, plumose bristles. Chromosome
numbers: Ainsliaea 2N = 24, 26, 30; Pertya

2N = 24, 26, 28.

All the members of this clade are found

in Asia, from Afghanistan through India to

China, Taiwan, Japan, and SE Asia. The

only two wholly Asian genera of the Mu-
tisieae not in this clade are Leucomeris

D.Don and Nouelia Franch., which form a

clade only known from southwestern China

and adjacent regions. This China clade is

found near the base of the tree in the Mu-
tisieae s.s. (Fig. 1 ). The Pertya clade is well

supported and is located above the Car-

dueae plus "African Mutisieae" clade (Car-

duoideae). This is the only group of Mutis-

ieae s.l. taxa that is located above the Car-

duoideae on the tree and its placement

shows the diversity and variability of the

taxa previously contained in the Mutisieae

s.l.

The most interesting feature of this group

is the deeply but unequally divided actino-

morphic corolla. Some corollas appear to be

actinomorphic, some bilabiate and some are

intermediate between the two. All corollas

of this group have five equal sized lobes

with 10 veins. The variation occurs in the

fusion of these lobes and it happens at all

levels. Even in the same head where some
corollas have a 3+2 division and others

have a regular corolla while still others

have 3+1 + 1 or even 3 + 1 . In some species

of Ainsliaea the corollas have nearly evenly

divided lobes with all of the lobes skewed

to one side or secund which gives a star-

tling appearance to the heads.

Tribes

Dicomeae Panero & V. A. Funk, trib. nov.

Type: Dicoma Cass., Bull. Soc. Philom. 12.

1817.

Includes: Dicoma Cass. (ca. 40 species),

Erythrocephalum Benth. (13 species),

Gladiopappus Humbert (1 species), Ma-
cledium (Cass.) DC, Cloiselia S. Moore.

(2 species), Pasaccardoa Kuntze (4 spe-

cies), Pleiotaxis Steetz (26 species).

Ad Mutisieas similes sed in ramis stylo-

rum base caespitose pilosis et in cellulis su-

perficialibus corollarum typis senecioidis

differt.

Perennial herbs, shrubs or small trees,

young stems glabrous or pubescent, tri-

chomes multicellular. Leaves alternate, pe-

dunculate or sessile, blades linear to broad-

ly ovate, glabrescent to densely pubescent

on abaxial surface, margins entire to ser-

rate, leaf bases various, leaf apices some-

times terminating in a spine or mucro. In-

florescence terminal, solitary, or open thyr-

siform cymes. Heads homogamous or het-

erogamous, involucre campanulate to
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hemispherical or obconic with innermost

row of phyllaries producing a strong con-

striction at the end of the involucre, phyl-

laries in multiple series, herbaceous to scar-

ious sometimes innermost phyllaries her-

baceous with scarious margins, sometimes

with a prominent midrib, patent or spread-

ing; receptacle epaleate, rarely paleate. Flo-

rets actinomorphic or sometimes peripheral

florets zygomorphic and usually termed bi-

labiate with 3 of the lobes greatly expanded

and appearing liguliform, corollas, white,

yellow, cream or various shades of pink,

mauve or lilac, tube narrow variously gla-

brous to pubescent, lobes conspicuous and

longer than tube, either erect or spreading;

anthers 5, caudate and calcarate, tails with

or without antrorse ramifications, append-

age apiculate to acute or slightly acuminate,

pollen smooth or echinate; styles with two

or four veins, style branches straight or

curved, with sweeping hairs restricted to bi-

furcation point and above, lowermost tri-

chomes slightly to conspicuously longer

than those at the distal end of style branch-

es. Achenes ellipsoid to obovoid or obcon-

ic, glabrescent to densely pubescent, pubes-

cence on ribs or in the space between them,

carpopodium absent or rarely present,

achene wall smooth to ribbed, pappus pres-

ent or absent, isomorphic or dimorphic,

sometimes in several rows, persistent or ca-

ducous. Chromosome numbers: Dicoma 2N
= 22; Pleiotaxis 2N = 20.

This tribe contains most genera centered

around Dicoma and found in Africa. These

genera were previously classified in Mutis-

ieae subtribe Gochnatiinae. The major ex-

ception is the genus Gerbera L. and allies

that remain in Mutisioideae. Our molecular

studies support the exclusion of this Dico-

ma clade from the Mutisieae as proposed

by Hansen (1991) and their inclusion in

subfamily Carduoideae. Hansen (1991)

stressed corolla cell morphology and col-

lective patterns derived from these cells as

his strongest evidence to support the exclu-

sion of the African Mutisieae from South

American Mutisieae. These genera show a

rugose, corolla epidermis pattern as op-

posed to the crested outer walls typical of

Mutisieae. However, the occurrence of a

particular corolla cell morphology is not an

unequivocal indicator of phyletic relation-

ship within the family—see for instance

genera such as Ainsliaea and Pertya, in-

cluded by Hansen in Mutisieae but here re-

ferred to the Pertyoideae.

The genus Oldenburgia Less, is not in-

cluded in tribe Dicomeae as it appears from

present data to be sister to the Tarchonan-

thus—Brachylaena clade (Tarchonantheae)

and collectively the three genera are sister

to the Cardueae. Ortiz (2000) considered

Oldenburgia a basal lineage of the tribe and

used this taxon along with Gochnatia as

outgroups in his phylogenetic analyses of

Dicoma and related genera. Bond (1987)

considered Oldenburgia not to be closely

related to any other members of tribe Di-

comeae and believed its sister taxon to be

found among American members of tribe

Mutisieae subtribe Gochnatiinae. Addition-

al data are needed to ascertain the phylo-

genetic position of Oldenburgia.

The Dicomeae is recognized because it

members are morphologically distinct from

their sister clade the Oldenburgia—Taxchon-

antheae—Cardueae and there are no morpho-

logical characters that unify these taxa.

Also, the sister relationship of the Tarchon-

antheae and Oldenburgia with the Cardueae

is weak and additional data may show that

the Tarchonantheae and Oldenburgia are

sister to the Dicomeae and not the Car-

dueae.

Athroismeae Panero, trib. nov.

Type: Athroisma, DC, Guill. Arch. Bot. 2:

516. 1833.

Includes: Athroisma DC. (12 species), Ble-

pharispermum Wight ex DC. (15 spe-

cies), Leucoblepharis Arnott (1 species).

Capitula discoidea vel disciformia palea-

ta, floribus peripheralibus 0—2 femineis in

coroUis tubiformibus; thecis antherarum
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base brenter caudatis, parietibus achaenio-

rum phytomelaniniferous.

Perennial herbs, shrubs or small trees,

young branches glabrous to pubescent, old

stems gray to brown. Leaves alternate or

fasciculate in brachyclasts, petiolate or ses-

sile, petioles sometimes with a basal spine;

blades linear, lanceolate to ovate, obovate,

bases attenuate, apices acuminate to retuse,

cuneate or truncate, margins entire, dentate

or serrate, venation triplinerved or with a

single vein, abaxial surface with sessile

glandular trichomes. Inflorescence a con-

gested glomerule-like cyme solitary or ar-

ranged in open, thyrsiform cymes. Heads

disciform, heterogamous, involucre narrow-

ly campanulate, narrowly conical, phylla-

ries 0-2, involute, narrowly elliptical, ovate

to oval, apiculate, shallowly to strongly

keeled, apical end entire, trilobed or vari-

ously lobed, or ciliate, hyaline, scarious, ab-

axial surface glabrous, pubescent and/or

glandular; receptacle paleate; pales normal-

ly narrower and longer than phyllaries or in

the case of Athroisma wider than the phyl-

laries, commonly with a round apex, rarely

apiculate. Florets all actinomorphic, female

florets present or absent, 2 to several, co-

rollas tubular, hermaphrodite florets 2—25,

in Blepharispermum functionally staminate

and only 2-^ present, corolla campanulate,

white, greenish-white, purple, tube white or

greenish, glabrous or pubescent mostly with

twin hair glands, lobes (4—) 5; anthers 5,

ecalcarate, caudate, thecae white, to pale

purple, endothecium with polarized thick-

enings, appendage a continuation of the

connective and shallowly constricted above

thecae level sometimes with apical gland;

styles divided or filiform, filiform styles as-

sociated with functionally staminate flow-

ers, stigmatic area in divided styles is di-

vided into two rows which are confluent at

style branch apex, sweeping hairs present at

style apex or slightly below rarely present

below the style branch bifurcation. Achenes

black, radially flattened, ovate to oval, el-

liptic to suborbicular in outline, lateral ridg-

es ciliate, trichomes fused at base, twin tri-

chomes with apical diverging cells straight

or recurved, ovaries of functionally stami-

nate flowers in Blepharispermum obconical,

brown, pappus of fertile flower achenes ei-

ther a crown of twin trichomes sometimes

with recurved apices or of deeply lacerated

fused squamellae. Chromosome numbers:

Athroisma 2N = 20 (Eriksson 1993); Ble-

pharispermum 2N = 20 (Eriksson 1992).

The Athroismeae contains the genera

Athroisma DC, Blepharispermum Wight ex

DC, and Leucoblepharis Arnott centered in

eastern tropical Africa. These genera were

considered to be members of the Inuleae

until they were placed in the Heliantheae

(Eriksson 1991). Eriksson allied the genera

of his Blepharispermum group to members
of subtribe Ecliptinae, more specifically to

the genera Salmea DC. and Acmella Rich,

ex Pers. (Eriksson 1992). This choice of a

sister group in America is a logical one giv-

en that these genera share a series of su-

perficially similar characteristics with the

Blepharispermum group such as a combi-

nation of carbonized achenes, T-shaped

twin hairs on the achenes, the suborbicular

to broadly elliptical shape of the achenes,

and the white corollas. The genera Salmea

and allies such as Acmella and Spilanthes

Jacq. differ from the Blepharispermum

group in having laterally compressed

achenes, heads with numerous hermaphro-

ditic disc flowers with peripheral ray flow-

ers instead of pistillate, tubular flowers pe-

ripheral to the heads in the Blepharisper-

mum group, anthers with round and not sag-

ittate appendages, and anthers without tails.

It is indeed this last characteristic that ex-

cludes the Blepharispermum group from

tribe Heliantheae, as there are no taxa in

Heliantheae with such anther tails.

Results from molecular studies of He-

liantheae sensu lato and related genera (Pa-

nero et al. in prep) show that the Blephar-

ispermum group (represented by Blephar-

ispermum and Athroisma in our studies) is

basal to the Heliantheae sensu lato. This re-

sult supports the recognition of this group

as a new tribe in the Compositae. Molecular
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Studies of members of tribe Inuleae (El-

denas et al. 1999) have revealed that the

genus Anisopappus Hook. & Arn. is a basal

element in the tribe and possibly another

member of tribe Athroismeae. Further mo-
lecular studies will be necessary to eluci-

date the relationships of Anisopappus to

members of the Athroismeae as circum-

scribed here.

Polymnieae (H. Rob.) Panero, trib. stat.

nov., Basionym: Polymniinae H. Rob.

Phytologia 41:43, 1978.

Type: Polymnia L., Diss. Chen. 22. 1751;

Amoen. Acad. 3:15. 1756.

Monotypic, 3 species

Perennial herbs or annuals, stems sparse-

ly to densely pubescent with a strigose to

softly hispid pubescence, internodes terete

to shallowly angular, yellowish green to

green with scattered purple spots, trichomes

white to slightly brown, some trichomes up

to 2.5 mm long, glandular trichomes with

terminal brown cells, the base formed from

two rows of trichome cells. Leaves oppo-

site, petiolate, blades mostly ovate to sub-

orbicular in outline, bases attenuate to trun-

cate, round, apices acuminate, margins en-

tire to shallowly lobed or deeply dissected,

venation pectinate, abaxial surface densely

covered with sessile glandular trichomes,

tapered trichomes scattered along major

veins, adaxial surface with a few sessile

glandular trichomes and scattered, multicel-

lular trichomes with raised multicellular ba-

ses. Inflorescence an open, paniculiform

cyme. Heads radiate, involucre campanu-

late to hemispherical, subequal, phyllaries

in two series, outer series herbaceous, inner

series stramineous, chartaceous, with sev-

eral resin ducts, resin dark yellow; phylla-

ries sparsely to densely pubescent on ab-

axial surface with both tapered and glan-

dular trichomes; receptacle slightly convex,

paleaceous; outermost pales broadly ovate

to oval with irregularly lacerate distal ends,

this grading into filiform pales in the center

of the head, distal end sparsely pubescent

on abaxial surface with long tapered tri-

chomes reminiscent of those on tube of ray

corolla, glandular trichomes either sessile or

stipitate, pales with several resin tubes, res-

in yellowish. Ray florets 3-8, pistillate and

fertile, corolla white, tube densely pubes-

cent, limb deeply trilobed with central lobe

longer than flanking ones, adaxial surface

along margins with a few multicellular tri-

chomes with tapered, terminal cells, abaxial

surface with scattered glandular and multi-

cellular trichomes. Disc corollas 10-85+
,

functionally staminate, 5-lobed, corolla

white to yellowish white or yellow, tube

narrowly cylindrical, approximately half as

long as throat, glabrous, throat broadly

campanulate, lobes with a few, broadly

based trichomes on abaxial surface; anthers

5, ecaudate and ecalcarate, anther thecae

pale brown or tan, endothecium cells bi-

polar with 2—^ bridges, connective and an-

ther collar thickenings radial, anther ap-

pendage conspicuously deltate with glan-

dular trichomes on abaxial surface; pollen

25-27 micrometers in diameter. Style of ray

flowers divided into two separate branches

each with prominent stigmatic lines, sweep-

ing hairs reduced to small papillate protu-

berances on distal portion of abaxial surface

of the tapering stigmas, stigmas of disc

flowers deltate and fused with no stigmatic

surfaces with prominent sweeping hairs on

abaxial surface of distal half. Achenes sub-

orbicular in outline and asymmetric in cross

section, the abaxial half round and larger

than the flattened adaxial half compressed

in its development by adjoining pale walls,

with a ridge on each lateral edge and two

additional ridges on the adaxial surface that

can be variously distinct or fused, brown to

black with a minutely coroniform pappus

probably derived from the basal cells of the

corolla tube, with no striation on the achene

wall. Chromosome numbers: N = 15 II

with 1 fragment (Smith et al. 1992, Free-

man and Brooks 1988); other numbers in-

clude N = 16, 33+1 and 2N = 60, >50.

The genus Polymnia was revised by

Wells (1965) to include 19 species from
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North and South America with yellow and

white ray corollas. Robinson (1981) provid-

ed a list of characters including the pale col-

ored anther thecae, the lack of a differen-

tiated involucre, and a distinctive set of tri-

chomes on the corolla lobes to justify the

transfer of most species of Polymnia into

the genus Smallanthus Mackenzie. The
three species presently recognized in Po-

lymnia are endemic to wet, riverbanks in

mesic, hardwood deciduous forests of the

eastern United States and Canada.

Molecular phylogenetic studies of mem-
bers of Heliantheae s.l. (Panero et al., un-

published data) support Robinson's concept

of the genus Polymnia and clarify its phy-

logenetic position. The genus Polymnia is

a single lineage, basal to the tribes Helian-

theae, Perityleae, Madieae, Eupatorieae,

and Millerieae. As suggested by Robinson

(1981) Polymnia is not related to members
of subtribe Melampodiinae. There two rea-

sons for elevating the Polymniinae to tribal

status: 1) the phylogenetic position of the

genus in the molecular study of the tribe

Heliantheae (Panero et al. in prep.), and 2)

the decision by Baldwin et al. (2002) to

split the traditional Helenieae. This decision

reflects the desire of most workers to main-

tain the Eupatoriae as a tribe, and not a sub-

tribe of a very large tribe Heliantheae.

Subtribes

Rojasianthinae Panero, subtrib. nov.

Type: Rojasianthe Standley & Steyermark,

Publ. Field Mus. Nat. Hist. Bot. Ser. 22:

311. 1940.

Monotypic (1 species)

Ad subtribustet Montanoinas similae sed

in paleis margine spiniferis, in corollis disci

bicoloratis, et in setis pappi pluribus cadu-

ceis differt.

Shrubs or small trees, young stems terete,

purplish green to brown, densely villous on

leaf internodes and growing shoots, tri-

chomes multicellular, tapered with a few

sessile glandular trichomes interspersed, old

stems and trunk smooth, coppery-brown in

color. Leaves opposite, petiolate, blades

palmate, suborbicular in outline with 2-7

lobes on each side of the leaf, base shallow-

ly hastate, apex acuminate, margins broadly

serrate to crenate, each lobe ending with a

prominent mucro, venation triplinerved, ab-

axial surface paler green than adaxial sur-

face, sessile glandular trichomes moderate-

ly distributed across blade interspersed with

a few tapered multicellular trichomes es-

pecially along veins, adaxial surface bright

green, sparsely pubescent with scattered,

thickened multicellular trichomes, with

prominent bases. Inflorescences terminal,

open cymes of 3-18 heads. Heads radiate,

nodding, involucre hemispherical, gradate,

imbricate, glabrous, phyllaries suborbicular

to round, green rimmed with purple, in 3

series, receptacle paleaceous, slightly con-

vex; pales conduplicate, keeled, margins

lacerated with 5-6 sclerified awns on each

side, without a terminal awn but rather the

distalmost awns on each side of the pale

joined and diverging from the pale apex,

glabrous, pales growing with age, spreading

and turning the fruiting head into a spiny

ball. Ray florets 9-15, neutral, corolla white

suffused with purple or pink on abaxial

side, densely pubescent on abaxial surface

with a few scattered glandular trichomes,

essentially glabrous on adaxial surface.

Disc florets 200+ , perfect, lobes deeply dis-

sected and spreading, distal section of co-

rolla black, basal half white, tube densely

pubescent, trichomes multicellular, tapered,

blackish-green, throat sparsely to moderate-

ly pubescent, pubescence decreasing toward

distal end and lobes, lobes 5, black, essen-

tially glabrous; anthers 5, ecaudate and

ecalcarate, black, filament densely pubes-

cent on its distal end immediately below an-

ther collar, trichomes multicellulai; terminal

cell shallowly rounded, black, those on bas-

almost area of filament hyaline, apical ap-

pendage deltate, black; style white, style

branches white rimmed with black on outer

edge, densely pubescent abaxially towards

distal third of length and then abruptly gla-

brous on distalmost tip, black. Achenes ob-
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ovate, purple-raspberry in color, turning

brownish when mature, sparsely pubescent

to glabrous when mature, pappus of multi-

ple caducous awns, awns golden yellow.

Chromosome number: 2N = 38 (Strother

1983).

The monotypic genus Rojasianthe is en-

demic to the mountainous regions of Me-
soamerica on the border between Mexico

and Guatemala. The range of the species is

more extensive in Guatemala. In Mexico it

is found in open cloud forests or natural

clearings in the forest especially along wa-

terways. To the casual observer with some

experience with tropical American sunflow-

ers Rojasianthe is reminiscent of a species

of Montanoa Cerv., especially M. liebman-

nii S. F. Blake. It shares with this genus the

same chromosome number, opposite phyl-

lotaxy, accrescent pales, blackish disc co-

rollas (e.g., Montanoa pteropoda S. F.

Blake), and neutral ray flowers with white

corollas. It is however, the accrescent pales

that are probably the most interesting mor-

phological feature shared by these two gen-

era. No other American sunflower has this

characteristic. Rojasianthe, like Montanoa,

produces conspicuous fruiting balls that, as

in some species of Montanoa, are very

spiny to the touch once the pales become
lignified and dry up.

Results from molecular studies of the

Heliantheae and relatives (Panero et al., in

prep.) reveal that Montanoa and Rojasian-

the constitute the basal lineages of the two

different clades of Heliantheae sensu stric-

to. Montanoa is sister to the species of sub-

tribe Ecliptinae as emended by Panero et al.

(1999). Rojasianthe is basal to a clade con-

taining members of the Verbesiniinae, Rud-

beckiinae, Zaluzaniinae, Zinniinae, Helian-

thinae, Engelmaniiinae, and Ambrosiinae.

Montanoa, with its 25 species, and the

monotypic Rojasianthe are each sister to a

radiation in the American continents of a

total of approximately 1500 species of sun-

flowers with mostly yellow corollas.
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